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ABSTRACT 
During the early 1960s Largemouth Bass (Micropterus salmoides; hereafter referred to as 
bass) populations were being overharvested due to harvest-oriented tournaments and recreational 
angling. As competitive tournaments continued to grow in popularity, catch-and-release angling 
was promoted through live-release tournaments in response to overharvest concerns for bass 
populations. The use of live-release tournaments successfully created a paradigm shift in bass 
anglers’ mindset and by 1980 most bass tournaments were live-release. However, with the use of 
live-release tournaments, anglers were challenged to keep bass alive until release after the 
tournament’s weigh-in. Despite anglers’ best efforts, confinement and weigh-in stressors still 
resulted in bass initial and delayed tournament mortality. While many environmental, 
confinement, handling, and angler related factors affect tournament mortality, how the number of 
bass in a live-well affects tournament mortality has received little attention. Additionally, 
evaluating methods to reduce tournament mortality is critical if tournament mortality becomes an 
issue, especially in areas like Iowa where tournaments are focused on a few popular bass 
fisheries. Length and bag limits are commonly used to manage harvest in recreational fisheries, 
but it is unclear how effective these harvest regulations are at managing number of bass weighed 
in and the associated mortality of bass at live-release bass tournaments. In 2018, the Iowa 
legislature passed new bass tournament regulations increasing the bag limit from three bass to 
five bass and reducing the minimum length limit from >381 mm to no minimum length limit. 
The liberalized tournament regulations provided a unique opportunity to evaluate current 
tournament management techniques. Thus, the objectives of this study were to: 1) evaluate the 
relative effect number of bass in a live-well has on post-release tournament survival compared to 
environmental characteristics and bass length and 2) identify effects of tournament regulations 
xii 
relative to environmental characteristics and angler factors on bass tournament capture 
probability and how harvest regulations could be used to reduce delayed tournament mortality. 
 To meet these objectives, a mark-recapture study was conducted on Brushy Creek Lake, 
Iowa from 2015-2019. Bass were collected and tagged during all tournaments (n = 205) and 
monthly electrofishing events. To evaluate my first objective, a Cormack-Jolly-Seber model in 
Program MARK was used to estimate the duration of reduced post-release tournament survival 
(0 – 7 day) and the effect number of bass in a live-well (1 – 15 bass) has on post-release 
tournament survival compared to environmental and bass length covariates. Models indicate 
reduced post-release survival occurs over a 3-day period with water temperature having the 
greatest effect on post-release survival. Survival was also negatively correlated with number of 
bass in a live-well; however, reduced survival due to crowded live-wells likely has minimal 
population effects due to the infrequency of ten or more bass in a live-well.  
A before-after-control-impact design was then used to evaluate if tournament anglers 
during the post-regulation change period (2018-2019) weighed in more bass per angler per 
tournament hour than anglers’ pre-tournament regulation change (2015-2017). Tournament 
anglers weighed in an average of 0.26 bass per angler per tournament hour and anglers did not 
weigh-in more bass post-regulation change. Finally, a live capture multistate model in Program 
MARK was used to assess the relative effects of tournament regulations, angler effort, and 
environmental characteristics on bass capture probability. Environmental characteristics (water 
temperature and wind speed) were more supported than length and bag limits in describing 
tournament angler bass capture probability. If bag limits were reduced to a one bass limit, 
tournament mortality could be reduced by 60%. However, bass capture probability was highest 
in spring when tournament mortality was low whereas capture probability was low during 
xiii 
periods of high tournament mortality, resulting in simulated length and bag limits having little 
effect on tournament mortality. Thus, if tournament mortality becomes an issue, other 
management methods that do not rely on bass catchability may provide a more reliable option to 
reduce number of bass weighed in and the associated tournament mortality. The results of this 
study help broaden the understanding of confinement related stress for tournament captured bass 
and provide insight on how effective current management techniques are at managing live-
release bass tournaments. 
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CHAPTER 1.    GENERAL INTRODUCTION 
Black bass (Micropterus spp.) have provided many recreational angling opportunities 
since the 1800s (Paukert et al. 2007) and were commonly harvested by recreational and 
commercial anglers with the mindset that black bass populations were inexhaustible (Long et al. 
2015). As a result of high harvest rates, many black bass populations suffered from overfishing 
during the early 1900s due to the lack of length and bag limit regulations for recreational anglers 
coupled with commercial harvest (Fox 1975; Ming and McDannold 1975; Long et al. 2015). In 
1926, the Black Bass Act was enacted to prohibit the sale and trade of illegally harvested fish to 
other states, improving protection on depleting black bass populations and reduced commercial 
fishing pressure (Stroud 1966; Nielsen 1999). As black bass recreational angling increased in the 
1920s, fisheries managers recognized current fishing regulations were insufficient for black bass 
management. By the 1930s, the concept of maximum sustainable yield (MSY) was incorporated 
into new harvest regulations where bag limits were based on the maximum harvest each 
population could sustain (Larkin 1977; Barber 1988; Paukert et al. 2007). In the 1970s, MSY 
transitioned into optimum sustained yield (OSY) where a more encompassing approach was 
taken to account for population characteristics (e.g., size structure) rather than just the 
harvestable biomass to ensure the population supported a balanced ecosystem (Anderson 1975; 
Malvestuto and Hudgins 1996; Paukert et al. 2007). Efforts to protect and improve black bass 
stocks were successful, and by the 1940s, many states liberalized black bass harvest regulations 
for recreational anglers and removed closed seasons (Stroud 1966; Long et al. 2015) and black 
bass exploitation began to increase again into the 1960s (Allen et al. 2008). 
Starting in the late 1960s, black bass were being targeted in many competitive fishing 
events (Long et al. 2015). However, during this time, anglers continued to view black bass as a 
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species to be harvested (Myers et al. 2008; Long et al. 2015) so handling and weigh-in protocols 
were focused on preserving bass weight rather than reducing mortality (Holbrook 1975). With 
the rise in popularity of competitive fishing events and the harvest mindset of black bass anglers, 
there was growing concern for black bass fisheries due to high tournament exploitation (Shupp 
1979; Nielsen 1999; Kerr and Kamke 2003). Consequently, in the early 1970s, fisheries 
managers and the Bass Anglers Sportsman Society (B.A.S.S.) began promoting catch-and-
release angling with live-release competitive black bass fishing tournaments (Shupp 1979; 
Duttweiler 1986). In 1972, B.A.S.S. hosted the first live-release black bass tournament that 
began a shift in the harvest mindset of black bass anglers (Quinn 1989) and by the 1980s, most 
black bass tournaments were live-release (Allen et al. 2008). Increases in voluntary release rates 
of captured Largemouth Bass (Micropterus salmodies; hereafter referred to as bass) continued 
into the 1990s, and today, nearly all tournaments require the live release of bass (Allen et al. 
2008; Driscoll et al. 2012). As of 2016, over 9 million anglers spent over 116 million days 
targeting black bass in the United States (US Fish and Wildlife Service 2016) with more than 
90% of the nearly 42,000 competitive fishing events held in 14 southeastern states in 2012 
targeting black bass (Driscoll et al. 2012).  
Despite tournament anglers’ best efforts to reduce angling stress and increase survival of 
released bass during catch and release tournaments, angling, handling, and retaining bass in live-
wells until weigh-in can result in pre- or post-release mortality (Muoneke and Childress 1994; 
Weathers and Newman 1997; Wilde 1998; Allen et al. 2004; Edwards et al. 2004; Gravel et al. 
2008; Colotelo and Cooke 2011; Sass et al. 2018; Sylvia and Weber 2019). Pre-release mortality 
(hereafter referred to as initial mortality) from live-release tournaments can be caused by hook 
injury, epithelial damage, prolonged confinement in live-wells or other containers during the 
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weigh-in process, and high water temperatures (Hayes et al. 1995; Edwards et al. 2004; Suski et 
al. 2005; Colotelo and Cooke 2011; Fernholz et al. 2018). Cryptic sources of mortality, such as 
post-release mortality (hereafter referred to as delayed mortality) from live-release tournaments 
are typically caused by extended exposure to poor water quality, low oxygen conditions, 
extensive handling, and high water temperatures (Schramm et al. 1987; Kwak and Henry 1995; 
Gilliland 1997; Weathers and Newman 1997; Edwards et al. 2004). Additionally, number of fish 
in a live-well has been suggested to affect tournament survival (Meals and Miranda 1994; Cooke 
et al. 2002; Schramm et al. 2004) by reducing confinement water quality with increasing number 
of bass (Carmichael et al. 1984) and injury due to fish interactions (Cooke et al. 2002). However, 
despite numerous studies identifying many different factors affecting tournament survival, how 
the number of bass in a live-well affects post-release tournament survival has received little 
attention. If number of bass in a live-well greatly affects tournament mortality, limiting number 
of bass per live-well may provide a way to reduce tournament mortality, but it is unclear how 
different number of bass in a live-well will affect post-release tournament survival relative to 
other well studied factors (i.e., environmental characteristics, angler driven factors, and bass total 
length).  
While survival of tournament captured bass has increased due to improvements in 
holding and handling protocols, delayed tournament mortality, even at relatively low levels, can 
negatively affect a recreational fishery (Coggins et al. 2007). Tournament mortality can be the 
largest source of angling mortality (Hysmith et al. 2014; Sylvia and Weber 2019), with total 
tournament mortality rates up to 68% (Carmichael et al. 1984; Hayes et al. 1995; Kwak and 
Henry 1995; Neal and Lopez-Clayton 2001; Driscoll et al. 2007; Moon et al. 2017; Sylvia and 
Weber 2019). High tournament mortality coupled with tournament anglers capturing and 
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weighing-in 5-50% of bass populations (Driscoll et al. 2007; Hysmith et al. 2014; Hessenauer et 
al. 2018; Sylvia 2019) could lead to high tournament mortality at a population level. Therefore, 
continuing to identify factors affecting tournament mortality and evaluating management 
techniques to reduce number of bass weighed in is important if tournament mortality becomes an 
issue. However, simply reducing number of bass weighed in may not be sufficient if 
management techniques do not reduce tournament mortality. Unlike a harvest-oriented fishery, a 
reduction in the number of bass weighed in during a live-release tournament is not representative 
of tournament mortality. Therefore, identifying effective management techniques and regulations 
to reduce live-release bass tournament mortality are necessary for effective management of live-
release bass tournaments.  
In recreational fisheries, length and bag limits are intended to protect highly harvested 
fisheries by limiting the number of bass anglers can legally harvest and to focus harvest on 
specific size classes (Isermann and Paukert 2010). Bass minimum length limits can range from 
no minimum length (e.g., Florida FWC 2020; Louisiana DNR 2020; West Virginia DNR 2020) 
to 533 mm (e.g., Kentucky FW 2020; Nebraska Game and Parks 2020) and bag limits can range 
from one (e.g., Illinois DNR 2020; Indiana DNR 2020) to ten (e.g., Alabama DCNR 2020; 
Arkansas GFC 2020; Louisiana DNR 2020) bass per angler. Additionally, a protective slot from 
406 mm to 610 mm where a total of five bass can be retained but only one bass >610 mm (e.g., 
Texas 2020; Virginia DGIF 2020) are used in some systems. Similarly, bag and length limits 
could be used to regulate number of bass weighed in and reduce tournament mortality. However, 
bag limits are ineffective at regulating number of fish harvested when anglers are unable to catch 
and harvest their limit. Low catchability, preventing the harvest of full bag limits, has been 
identified in other harvest oriented Black Crappie (Pomoxis nigromaculatus; Mosel et al. 2015) 
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and Yellow Perch (Perca flavescens; Isermann et al. 2007; Mosel et al. 2015) populations, 
limiting the effectiveness of length and bag limits. If low catchability persists during live-release 
bass tournaments, few bag limits are weighed in, reducing the effect of bag and length limits. 
Even if skilled tournament anglers are able to weigh-in their limit, bag and length limits may be 
less effective at managing live-release tournaments due to only a portion of captured bass dying 
from tournament induced stress. While length and bag limits are easily understood by anglers, if 
tournament anglers weigh-in fewer bass than what current regulations allow, other environmental 
(e.g., water temperature) or tournament characteristics (e.g., angler effort) may have a greater 
effect on bass capture probability. However, the relative effect of length and bag limits on bass 
capture probability compared to environmental or tournament characteristics are unknown.  
As black bass fishing increased in popularity in the Southeast, many anglers in the 
Midwest have also grown an affinity towards black bass fishing. For instance, in 2011, 208,000 
of 473,000 anglers (44%) in Iowa targeted black bass (US Fish and Wildlife Service 2011) with 
553 bass tournaments occurring throughout the state during 2019 (Jeff Kopaska, Iowa DNR, 
personal communication). Currently, most tournament anglers throughout the United States are 
required to follow statewide or lake specific length and bag harvest limits (Schramm and Hunt 
2007; Schramm and Gilliland 2015), but beginning in 2018, new live-release black bass 
tournament specific regulations went into effect in Iowa, USA. Iowa legislature passed a 
statewide law increasing tournament bag limits from three to five bass and removing length 
limits, allowing more fish to be weighed in (Iowa DNR 2020). As a result, a number of different 
bag and length limits were used by tournaments. The tournament regulation change in Iowa 
provided a unique opportunity to evaluate the potential effectiveness of using length and bag 
limits to regulate the number of bass exposed to tournament stress. Under high bass catchability, 
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increased bag limits with no length limits would allow anglers to weigh-in more bass, but if bass 
catchability is low, the 2018 regulation change may have little to no effect on the number of bass 
weighed in. However, it is unclear if length and bag limits are effective tools to manage the 
number of bass weighed in and associated tournament mortality at live-release tournaments.  
Effective management techniques for bass populations with high tournament pressure 
rely on identifying factors affecting tournament mortality then developing management solutions 
and regulations to target these factors if tournament mortality becomes an issue. A regulation 
change that affects the number of bass held for weigh-in during live-release tournaments could 
change tournament mortality and subsequently, the effect tournaments have on bass populations. 
If tournament mortality was high, understanding what factors are affecting tournament mortality 
and bass capture probability are necessary to know how to regulate live-release bass tournament 
to reduce tournament mortality. Therefore, my objectives were to: 1) Evaluate the relative effect 
number of bass in a live-well has on post-release tournament survival compared to 
environmental characteristics and bass length and 2) Identify effects of tournament regulations 
relative to environmental characteristics and angler factors on bass tournament capture 
probability and how harvest regulations could be used to reduce delayed tournament mortality. 
To meet these objectives, electrofishing, radio telemetry, and tournament weigh-ins were used to 
collect, tag, and recapture bass. Mark-recapture analysis was used to evaluate bass survival post 
tournament release and in lake survival, and tournament capture probability of tournament 
captured bass. Additionally, the effect number of bass in a live-well had on post-release 
tournament survival was evaluated relative to environmental and angler characteristics and the 
relative effect length and bag limits regulated number of bass weighed in and associated delayed 
tournament mortality. Results from this research provide a better understanding of how change in 
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the number of bass live-well affects post-release survival and if current management techniques 
are effective at regulating the number of bass weighed in at live-release black bass tournaments 
at Brushy Creek Lake, Iowa and provide insight for other populations across the United States. 
 
References 
Alabama Department of Conservation and Natural Resources (ADCNR). 2020. Fishing daily 
 creel, possession and size limits. Alabama Hunting and Fishing Digest. Available: 
 http://www.eregulations.com/alabama/guide/fishing-daily-creel-possession-size-limits/. 
Allen, M. S., C. J. Walters, and R. Myers. 2008. Temporal trends in Largemouth Bass mortality, 
 with fishery implications. North American Journal of Fisheries Management 28:418-427.  
Allen, M. S., M. W. Rogers, R. A. Myers, and W. M. Bivin. 2004. Simulated impacts of 
 tournament-associated mortality on Largemouth Bass fisheries. North American Journal 
 of Fisheries Management 24:1252-1261. 
Anderson, R. O. 1975. Optimum sustainable yield in inland recreational fisheries management. 
 Pages 29-38 in P. M. Roedel, editor. Optimum sustainable yield as a concept in fisheries 
 management. American Fisheries Society, Special Publication 9, Bethesda, Maryland. 
Arkansas Game and Fish Commission (GFC). 2020. Daily limits. Fishing. Available: 
 https://www.agfc.com/en/fishing/daily-limits/. 
Barber, W. E. 1988. Maximum sustainable yield lives on. North American Journal of Fisheries 
 Management 8:153-157. 
Carmichael, G. J., J. R. Tomasso, B. A. Simco, and K. B. Davis. 1984. Confinement and water 
 quality-induced stress in Largemouth Bass. Transactions of the American Fisheries 
 Society 113:767-777. 
Coggins, L. G. Jr., M. J. Catalano, M. S. Allen, W. E. Pine III, and C. J. Walters. 2007. Effects of 
 cryptic mortality and the hidden costs of using length limits in fishery management. Fish 
 and Fisheries 8:198-210. 
Colotelo, A. H. and S. J. Cooke. 2011. Evaluation of common angling-induced sources of 
 epithelial damage for popular freshwater sport fish using fluorescein. Fisheries Research 
 109:217-224. 
Cooke, S. J., J. F. Schreer, D. H. Wahl, and D. P. Philipp. 2002. Physiological impacts of catch-
and-release angling practices on Largemouth Bass and Smallmouth Bass. American 
Fisheries Society Symposium 31:489-512. 
8 
 
Driscoll, M. T., J. L. Smith, and R. A. Myers. 2007. Impact of tournaments on the Largemouth 
Bass population at Sam Rayburn Reservoir, Texas. North American Journal of Fisheries 
Management 27:425-433. 
Driscoll, M. T., K. M. Hunt, and H. L. Schramm, Jr. 2012. Trends in fishery agency assessments 
 of black bass tournaments in the Southeastern United States. Proceedings of the Annual 
 Conference Southeastern Association of Fish and Wildlife Agencies 66:25-32. 
Duttweiler, M. W. 1986. Status of competitive fishing in the United States: trends and state 
fisheries policies. Fisheries 10:5-7. 
Edwards, G. P. Jr., R. M. Neumann, R. P. Jacobs, and E. B. O’Donnell. 2004. Factors related to 
mortality of black bass caught during small club tournaments in Connecticut. North 
American Journal of Fisheries Management 24:801-810. 
Fernholz, S., A. Sylvia, and M. J. Weber. 2018. Hook wound longevity and use as an indicator of 
Largemouth Bass catch-and-release angling pressure. North American Journal of 
Fisheries Management 38:759-768. 
Florida Fish and Wildlife Conservation Commission (FWC). 2020. General statewide bag and 
length limits. Available: https://myfwc.com/fishing/freshwater/regulations/general/. 
Fox, A. C. 1975. Effects of traditional harvest regulations on bass populations and fishing. Pages 
392-398 in R. H. Stroud and H. Clepper, editors. Black bass biology and management. 
Sport Fishing Institute, Washington DC. 
Gilliland, G. E. 1997. Evaluation of procedures to reduce delayed mortality of black bass 
following summer tournaments. Oklahoma Department of Wildlife Conservation, Job 
Performance Report, Federal Aid Project F-50-R, Oklahoma City, Oklahoma. 
Gravel, M. and S. J. Cooke. 2008. Severity of barotrauma influences the physiological status, 
 post release behavior, and fate of tournament-caught Smallmouth Bass. North American 
 Journal of Fisheries Management 28:607-617. 
Hayes, D. B., W. W. Taylor, and H. L. Shramm Jr. 1995. Predicting the biological impact of 
 competitive fishing. North American Journal of Fisheries Management 15:457-472. 
Hessenauer, J. M., J. Vokoun, J. Davis, R. Jacobs, and E. O’Donnell. 2018. Size structure 
 suppression and obsolete length regulations in recreational fisheries dominated by catch-
 and-release. Fisheries Research 200:33-42. 
Holbrook, J. A., II. 1975. Bass fishing tournaments. Pages 408-414 in R. H. Stroud and H. 
 Clepper, editors. Black bass biology and management. Sport Fishing Institute, 
 Washington, DC. 
9 
 
Hysmith, B. T., J. H. Moczygemba, R. A. Myers, M. T. Driscoll, and M. S. Allen. 2014. 
Population-level impacts of Largemouth Bass mortality associated with tournaments in a 
Texas reservoir. Journal of the Southeastern Association of Fish and Wildlife Agencies 
1:98-102. 
Illinois Department of Natural Resources (DNR). 2020. Site specific sportfishing regulations. 
 Illinois fishing 2020 regulation information. Available: 
 https://www.ifishillinois.org/regulations/FishingDigest.pdf. 
Indiana Department of Natural Resources (DNR). 2020. Special lake regulations. Indiana fishing 
 regulation guide. Available: 
 http://www.eregulations.com/indiana/fishing/bassregulations/. 
Louisiana Department of Natural Resources (DNR). 2020. Freshwater creel and size limits. 
 Louisiana Fishing Regulations. Available: 
 http://www.eregulations.com/louisiana/fishing/freshwater-creel-size-limits/. 
Iowa Department of Natural Resources (DNR). 2020. Iowa fishing regulations. Iowa Department 
 of Natural Resources, Des Moines, Iowa. 
Isermann, D. A., D. W. Willis, B. G. Blackwell, and D. O. Lucchesi. 2007. Yellow Perch in 
 South Dakota: population variability and predicted effects of creel limit reductions and 
 minimum length limits. North American Journal of Fisheries Management 27:918-931. 
Isermann, D. and C. P. Paukert. 2010. Regulating harvest. Pages 185-202 in W. A. Hubert and 
 M. C. Quist, editors. Inland fisheries management in North America, 3rd addition. 
 American Fisheries Society, Bethesda, Maryland. 
Kentucky Department of Fish and Wildlife Resources. 2020. Special fishing regulations. Fishing 
 Regulations. Available: https://fw.ky.gov/fishboatguide/Pages/Fishing-Regulations.aspx. 
Kerr, S. J. and K. K. Kamke. 2003. Competitive fishing in freshwaters of North America: a 
 survey  of Canadian and U. S. jurisdictions. Fisheries 28:26-31. 
Kwak, T. J. and M. G. Henry. 1995. Largemouth Bass mortality and related causal factors during 
live-release fishing tournaments on a large Minnesota lake.  North American Journal of 
Fisheries Management 15:621-630. 
Larkin, P. A. 1977. An epitaph for the concept of maximum sustained yield. Transactions of the 
 American Fisheries Society 106:1-11. 
Long, J. M., M. S. Allen, W. F. Porak, and C. D. Suski. 2015. A historical perspective of black 
 bass management in the United States. American Fisheries Society Symposium 82:99-
 122.  
Malvestuto, S. P. and M. D. Hudgins. 1996. Optimum yield for recreational fisheries 
 management. Fisheries 21:6-17. 
10 
 
Meals, K. O. and L. E. Miranda. 1994. Size-related mortality of tournament-caught Largemouth 
 Bass. North American Journal of Fisheries Management 14:460-463. 
Ming, A. and W. E. McDannold. 1975. Effect of length limit on an overharvested Largemouth 
 Bass population. Pages 416-424 in R. H. Stroud and H. Clepper, editors. Black bass 
 biology and management. Sport Fishing Institute, Washington DC. 
Miranda, L. E., M. E. Colvin, A. C. Shamaskin, L. A. Bull, T. Holman, and R. Jones. 2017. 
 Length limits fail to restructure a Largemouth Bass population: a 28-year case history. 
 North American Journal of Fisheries Management 37:624-632. 
Moon, P., Z. Reinke, and J. G. Davis. 2017. Factors affecting mortality of Largemouth Bass 
 Micropterus salmoides in competitive tournaments. Georgia Journal of Science 74:47. 
Mosel, K. J., D. A. Isermann, and J. F. Hansen. 2015. Evaluation of daily creel and minimum 
 length limits for Black Crappie and Yellow Perch in Wisconsin. North American Journal 
 of Fisheries Management 35:1-13. 
Muoneke, M. I. and W. M. Childress. 1994. Hooking mortality: a review for recreational 
 fisheries. Fisheries Science 2:123-156. 
Myers, R., J. Taylor, M. Allen, and T. F. Bonvechio. 2008. Temporal trends in voluntary release 
 of Largemouth Bass. North American Journal of Fisheries Management 28:428-433. 
Neal, J. W. and D. Lopez-Clayton. 2001. Mortality of Largemouth Bass during catch-and-release 
 tournaments in a Puerto Rico reservoir. North American Journal of Fisheries 
 Management 21:834-842. 
Nebraska Game and Parks Commission. 2020. Fishing guide. Nebraska Game and Parks 
 Commission, Lincoln, Nebraska. 
Nielsen, L. A. 1999. History of inland fisheries management in North America. Pages 3-30 in C. 
 C. Kohler and W. A. Hubert, editors. Inland fisheries management in North America, 2nd 
 edition. American Fisheries Society, Bethesda, Maryland. 
Paukert, C., M. McInerny, and R. Schultz. 2007. Historical trends in creel limits, length-based 
 limits, and seasonal restrictions for black basses in the United States and Canada. 
 Fisheries 32:62-72. 
Quinn, S. P. 1989. Recapture rates of voluntarily released Largemouth Bass. North American 
 Journal of Fisheries Management 9:86-91. 
Sass, G. G., J. W. Gaeta, M. S. Allen, C. D. Suski, and S. L. Shaw. 2018. Effects of catch-and-
release angling on a Largemouth Bass (Micropterus salmoides) population in a north 
temperate lake, 2001-2005. Fisheries Research 204:95-102. 
11 
 
Schramm Jr., H. L., and G. H. Gilliland. 2015. Achieving high survival of tournament-caught 
 black bass: past efforts and future needs and opportunities. Journal of Southeastern 
 Association of Fish and Wildlife Agencies 2:50-56. 
Schramm Jr. and K. M. Hunt. 2007. Issues, benefits, and problems associated with fishing 
 tournaments in inland waters of the United States: a survey of fishery agency 
 administrators. Fisheries 32:234-243. 
Schramm Jr., H. L., J. Grizzle, L. Hanson, and G. Gilliland. 2004. Improving survival of 
 tournament-caught bass and the effects of tournament handling on Largemouth Bass 
 virus disease. Internal agency completion report to Mississippi Cooperative Fish and 
 Wildlife Research Unit, Mississippi State University, Mississippi State, Mississippi. 
Schramm Jr., H. L., P. J. Haydt, and K. M. Porter. 1987. Evaluation of prerelease, postrelease, 
 and total mortality of Largemouth Bass caught during tournaments in two Florida lakes. 
 North American Journal of Fisheries Management 7:394-402. 
Shupp, B. D. 1979. Status of bass fishing tournaments in the United States: a survey of state 
 fishery management agencies. Fisheries 4:11-19. 
Stroud, R. H. 1966. Fisheries and aquatic resources. Pages 57-73 in H. Clepper, editor. Origins 
of American conservation. The Ronald Press Company, New York. 
Suski, C. D., S. S. Killen, J. D. Kieffer, and B. L. Tufts. 2006. The influence of environmental 
temperature and oxygen concentration on the recovery of largemouth bass from exercise: 
implications for live–release angling tournaments. Journal of Fish Biology 68:120-136. 
Sylvia, A. 2019. An evaluation of tournament angling impacts on a Largemouth Bass population 
 using mark-recapture data. Doctoral dissertation. Iowa State University, Ames, Iowa. 
Sylvia, A., and M. J. Weber. 2019. Use of a mark-recapture model to evaluate Largemouth Bass 
 delayed tournament mortality. Fisheries Research 219:105335. 
Texas Parks and Wildlife Department. 2020. Fishing regulations for Lake Fork. Outdoor Annual 
 Hunting, Fishing, and Boating Regulations. Available: 
 https://tpwd.texas.gov/fishboat/fish/action/fishregs2.php?water=0433. 
U.S. Department of the Interior, Fish and Wildlife Service and U.S. Department of Commerce, 
 U.S. Census Bureau. 2011. National Survey of Fishing, Hunting, and Wildlife-Associated 
 Recreation. 
U.S. Department of the Interior, Fish and Wildlife Service and U.S. Department of Commerce, 
 U.S. Census Bureau. 2016. National Survey of Fishing, Hunting, and Wildlife-Associated 
 Recreation. 
Virginia Department of Game and Inland Fisheries (DGIF). 2020. Creel (harvest) and length 




Weathers, K. C. and M. J. Newman. 1997. Effects of organizational procedures on mortality of 
 Largemouth Bass during summer tournaments. North American Journal of Fisheries 
 Management 17:131-135. 
West Virginia Department of Natural Resources (DNR). 2020. West Virginia fishing regulations 
 summary 2020. Available: http://www.wvdnr.gov/fishing/Regs20/2020_fishingRegs.pdf. 




CHAPTER 2.    EFFECTS OF LARGEMOUTH BASS PER LIVE-WELL COMPARED 
TO ENVIRONMENTAL CONDITIONS ON POST RELEASE TOURNAMENT 
SURVIVAL 
Brandon Maahs, Andrea Sylvia, and Michael J. Weber 
Iowa State University, Department of Natural Resource Ecology and Management, 339 Science 
Hall II, Ames, IA 50011, USA 
Modified from a manuscript to be submitted to Fisheries Research  
Abstract 
As live release black bass (Micropterus spp.) tournaments increase in popularity, stress 
associated with live-well confinement may result in increased mortality rates. Variation in 
number of bass in tournament angler live-wells is common due to a suite of factors (e.g., 
regulations, number of anglers per boat, angler success), but the effect on delayed tournament 
mortality relative to other environmental factors is unknown. Largemouth Bass Micropterus 
salmoides were collected and tagged following tournament weigh-ins (n = 80) and monthly 
electrofishing events (n = 15) in 2018 and 2019 at Brushy Creek Lake, Iowa, USA. A Cormack-
Jolly-Seber model in Program MARK was used to evaluate the duration of reduced post-
tournament survival (0 - 7 day) and the effects of number of bass per live-well (1-15 individuals) 
compared to environmental covariates (air and water temperature) and bass total length on post-
tournament survival. Models indicated that bass survival was reduced for three days following 
tournament capture and was negatively related to water temperature, number of bass in live-well, 
and number of initial tournament mortalities. Largest effects of all covariates on tournament 
survival occurred at high water temperatures but were reduced at cooler water temperatures. 
Daily survival probability ranged from 0.9792 (95% CI: 0.9757, 0.9822) at 5.71ºC to 0.8927 
(95% CI: 0.8720, 0.9103) at 28.79ºC on day of tournament capture. Survival also decreased from 
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0.9819 (95% CI: 0.9592, 0.9921) with one bass in the live-well to 0.9632 (95% CI: 0.4167, 
0.9990) with fifteen bass in the live-well. However, the effect number of bass in a live-well has 
on overall tournament survival is likely minimal due to the infrequency of ten or more bass 
observed per live-well. Our study provides information on the effect number of bass in a live-
well has on post-release tournament survival while providing management insights to improve 
post-tournament survival for recreational bass fisheries with high live-release tournament 
pressure. 
Key words: tournament mortality, delayed mortality, initial mortality, M. salmoides 
 
Introduction 
Black bass have been highly targeted by anglers since the 1960s (Hartley and Moring 
1995; Long et al. 2015; USFWS 2016), providing opportunities for recreational and competitive 
tournament angling. Black bass competitive tournaments began in 1967 as harvest events, but 
beginning in 1972, tournament anglers started to support live-release angling, and by 1980, most 
black bass tournaments were live-release (Holbrook 1975; Shupp 1979; Kerr and Kamke 2003). 
As catch and release tournaments became popularized through the 1970s, fisheries research 
began identifying factors affecting tournament mortality to improve handling and weigh-in 
procedures (Plumb et al. 1975; Kwak and Henry 1995; Gilliland 1997; Weathers and Newman 
1997; Suski et al. 2004) and confinement methods (Holbrook 1975; Gilliland and Schramm 
2009; Long et al. 2015). Initial efforts to improve tournament survival resulted in a significant 
decrease in tournament related mortality from the 1970s (19.5%) to the 1980s (6.6%; Wilde 
1998). With continued widespread popularity of bass tournaments since the 1980s, research has 
continued to identify factors affecting bass tournament survival (Wilde 1998; Allen et al. 2008; 
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Long et al. 2015; Schramm and Gilliland 2015). However, questions still remain regarding 
sources of tournament mortality that may be negatively affecting populations.  
Most tournaments penalize anglers for bass mortality prior to weigh-in and many anglers 
believe tournament captured black bass survive if captured fish remain alive through weigh-in 
(Holbrook 1975; American Bass Anglers 2019). However, cryptic sources of mortality occur 
when tournament captured black bass die post-release due to tournament induced stressors 
(hereafter referred to as delayed mortality; Coggins et al. 2007; Pollock and Pine 2007; Gilman 
et al. 2013). In systems where live-release tournaments are common, delayed mortality can 
represent the largest population-level component of angling induced bass mortality (Sylvia and 
Weber 2019, in revision). Even low levels of delayed mortality can affect recreational bass 
fisheries, particularly when productivity is low (Hessenauer et al. 2018) and unmonitored sources 
of tournament mortality may reduce the effectiveness of harvest regulations (Muoneke and 
Childress 1994; Coggins et al. 2007). Therefore, understanding factors related to post-release 
survival of tournament captured black bass may lead to alternative practices that could reduce the 
effects of tournaments on populations.   
Tournament anglers, protocols, and regulations go to great extents to keep black bass 
alive at tournaments; yet, tournament captured black bass are exposed to long periods of 
confinement in live-wells and extensive handling during weigh-in where both environmental 
influences and angler practices can result in reduced post-release survival. For example, 
increased water temperature (Carmichael et al. 1984a; Schramm et al. 1987; Plumb et al. 1988; 
Meals and Miranda 1994; Edwards et al. 2004) and fish size (Weathers and Newman 1997; 
Wilde 1998) have been associated with lower black bass tournament survival rates. Similarly, 
angler driven effects related to confinement (Carmichael et al. 1984b), handling procedures 
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(Edwards et al. 2004; Colotelo and Cooke 2011), handling time (Hartley and Moring 1995), and 
tournament size (Wilde 1998) also have negative effects on black bass tournament survival. 
While numerous tournament survival studies have evaluated a suite of many different factors, 
one factor that could have a large effect on survival but has received very little attention is 
variation in the number of black bass held in a live-well. Black bass bag limits vary among states 
and dictate the maximum number of fish that can be retained by each tournament angler (e.g., 
one bass > 508 mm at Turtle Creek Reservoir, Indiana, Indiana DNR 2020; three bass > 381 mm 
in Iowa, Iowa DNR 2020; total of five bass < 406 mm with only one > 610 mm, Texas 2020). 
Additionally, some tournaments are more conservative and have self-imposed bag limits less 
than what state regulations allow whereas other tournaments allow multiple anglers to fish per 
boat that can result in a large number of black bass held in a single live-well. Increasing the 
number of fish in confinement could result in decreased live-well water quality (Carmichael et 
al. 1984b; Kwak and Henry 1995; Harmon 2009), increased metabolic rates (Cooke et al. 2002), 
and increased confinement stress of bass (Carmichael et al. 1984a, 1984b). Consequently, black 
bass tournament survival rates have been negatively related to the mean number of Largemouth 
Bass (Micropterus salmoides) caught per tournament team (Schramm et al. 1985), suggesting 
number of bass per live-well may influence survival. However, modeling large scale assessments 
of how number of bass per live-well affects post-release survival relative to other factors (e.g., 
water temperature, fish size, tournament size, etc.) is lacking.  
Attempts to enumerate tournament delayed mortality have used net pens, tanks, and other 
holding systems to observe a 1-6 d delayed mortality period for tournament captured fish (Plumb 
et al. 1975; Schramm et al. 1987; Kwak and Henry 1995; Wilde 1998; Cooke et al. 2002) and 
estimated delayed mortality for black bass from 1% to 36% (Hartley and Moring 1995; Weathers 
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and Newman 1997; Neal and Lopez-Clayton 2001; Edwards et al. 2004). However, confinement 
studies are limited by the number of tournaments researchers can attend, time required to observe 
confined fish, and number of fish that can be held in confinement. Confinement during the 
observational period may also induce stress, thereby decreasing survival (Hartley and Moring 
1995); consequently, observational periods of delayed mortality are relatively short. 
Subsequently, bass mortality occurring after the confinement period is not observable. Telemetry 
techniques have also been used to enumerate post-release survival in natural environments 
(Maynard et al. 2013; Taylor et al. 2015; Kerns et al. 2016). However, subjecting fish to surgical 
tag implantation following the stress of tournament capture may increase fish mortality. Use of 
alternative methods for estimating post-release survival without confinement or invasive post-
tournament tagging procedures would allow for longer observational periods and more natural 
post-release conditions, as released fish are able to recover under normal conditions rather than 
in confinement (Goeman and Spencer 1993; Fielder and Johnson 1994; Edwards et al. 2004). 
The use of mark-recapture can be a powerful technique for evaluating survival of fishes in 
natural environments following the exposure to multiple different treatments (Hightower and 
Gilbert 1984; White and Burnham 1999; Hightower and Harris 2017). These techniques are less 
invasive, allow more fish to be evaluated, and do not require fish to be held in confinement 
compared to prior post-release studies. Therefore, the use of mark recapture techniques may 
provide new insights to post-release survival of tournament captured fish (Sylvia and Weber 
2019). 
The objectives of this study were to 1) estimate Largemouth Bass post-release 
tournament survival duration and rates, 2) evaluate the relative effect of number of bass in a live-
well during tournament confinement compared to other environmental (water temperature and 
18 
 
fish size) and angler driven (among tournament variability captured as the number of initial 
tournament mortalities) factors, and 3) estimate how varying number of bass per live-well could 
affect bass annual tournament mortality. We hypothesized that tournament survival would be 
lowest on day of capture, increase with each consecutive day after capture, and decrease as 
number of fish in a live-well increases. Similarly, we hypothesized the number of fish in a live-
well would have greater effects on post-release tournament survival than other environmental 
factors, resulting in a negative relationship with annual tournament mortality. Results from this 
project build upon previous post-release tournament survival evaluations and provide an 




 Completed in 1998, Brushy Creek Lake is a 279-ha reservoir in Webster county, 
Iowa, USA with a mean depth of 8.9 m, a max depth of 22.9 m, and a mean Secchi disk depth of 
1.63 (SE = 0.68). Emerged and submerged coarse woody habitat is abundant along the perimeter 
of the lake (mean = 2.0, SE = 0.004 trees/100m2; Weber and Weber 2020). While not quantified, 
emerged and submerged aquatic vegetation is also abundant throughout the littoral zone. A 
prolific Largemouth Bass (hereafter referred to as bass) population supports more than 40 live-
release bass tournaments (mean = 23.92 ± 2.6 95% CI tournament angler hours/ha/year from 
2015-2019) during the open water season (April-October) at Brushy Creek Lake annually. 
Statewide bass tournament regulations during 2018-2019 permitted bass tournament anglers to 
weigh-in up to five bass with no mandated minimum length limit, although most tournaments 





Boat electrofishing (pulsed DC 300 V, 12 amps) was conducted monthly from 2018 
through 2019 during the open water season (April-October). Electrofishing lasted approximately 
three days each month (mean monthly electrofishing duration = 8.3 hrs ± 4.9 95% CI; 134.33 
cumulative electrofishing hours) or until the entire accessible shoreline was sampled. All 
untagged bass >330 mm were weighed (g), measured (mm), and tagged on the upper left jaw 
with a metal Monel butt end band. Monel tags were selected for their high retention for black 
bass (MacCrimmon and Robbins 1979). Each tag was stamped with “ISU” and an individual 
number. Tag numbers of recaptured bass were recorded along with length (mm) and weight (g) 
before being released.   
Bass Tournaments 
All bass tournaments at Brushy Creek Lake during 2018 and 2019 were censused by 
collecting all bass weighed in by tournament anglers. Tournament size (number of boats, number 
of anglers, tournament duration), air and water temperature, and number of initial bass 
mortalities were recorded for each tournament. Water temperature (ºC) was collected with 
temperature loggers (Onset Corporation HOBO Pendant Temperature/Light 64K Data Logger, 
15 min sampling intervals) from four locations within the lake at 0 and 4.6 m depth and averaged 
over tournament angling time. Mean air temperature (ºC) during tournament angling time was 
attained from publicly available on-line resources (https://www.wunderground.com/history). 
Following the tournament’s weigh-in, bass were placed in water filled tanks with supplemental 
oxygen and separated based on number of fish per live-well. For example, all bass that came 
from a live-well with two other bass (three total bass in live-well) were held together in a tank. 
Each bass was examined for a jaw tag. Tag number of recaptured bass were recorded along with 
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length (mm) and number of bass per live-well. Similar to electroshocked bass, untagged bass 
were tagged with a metal Monel tag on their top left jaw and a year specific fin clip. Once 
processed, all bass were released from a single weigh-in location following each tournament. 
Radio Telemetry 
Radio telemetry tags (ATS, Isanti, Minnesota; F1835 14 gr in water; 897 d battery life) 
were surgically implanted in 65 Largemouth Bass in April 2018 and an additional 29 
Largemouth Bass in April 2019. All radio-tagged bass were collected using electrofishing 
(pulsed DC, 300 v, 12 amps) and tagged near capture location, removing potential biases of fish 
otherwise captured and tagged following tournaments. Only bass >700 g and 381 mm were 
tagged so that tags were <2% of the fish’s body weight (Winter 1996). Each bass was weighed 
(g), measured (mm), and tagged with a Monel butt-end band on the upper left jaw prior to being 
placed ventral side up on an operation cradle. Transmitters were surgical placed into the 
intracoelomic cavity using established methods (Ross and Kleiner 1982; Summerfelt and Smith 
1990; Cooke et al. 2003a, Adams et al. 2012) while sedated with electroanesthesia (Trushenski 
and Bowker 2012; Kim et al. 2017). Bass were allowed to recover in a tank with supplemental 
oxygen until normal ventilation and swimming behavior resumed then released near their initial 
capture location.  
During the open water season (April-November), we located radio tagged bass by boat 
once per week using an ATS telemetry radio receiver (R4000) and a three-element folding Yagi 
antennae. Bass were located when the gain was at the lowest achievable setting and the signal 
was unidirectional, at which point range testing and visual confirmation indicated that bass were 
no more than 2 m away. Telemetry tagged bass were assumed to be dead when they were located 




Recreational angler recaptures were used to increase the number of recaptures of bass in 
Brushy Creek Lake. To obtain recapture reports from recreational anglers, signs were maintained 
throughout the lake that display the tag reporting email (fishtags@iastate.edu) and tag reporting 
phone number. Personal communication with anglers while conducting field work also assisted 
in gathering recapture data. Anglers were asked to report tag number, capture date, capture 
location, and whether the bass was released or harvested.  
Analysis 
A modified Cormack-Jolly-Seber (CJS; Cormack 1964; Jolly 1965; Seber 1965) live-
recapture model within Program MARK (White and Burnham 1999) was used to analyze mark-
recapture encounter histories. The CJS model provides maximum-likelihood estimates of daily 
apparent survival (ɸ; hereafter referred to as survival) and detection probability (p; Lebreton et 
al. 1992). Apparent survival represents bass that did not leave the study area either from death or 
emigration. Emigration of bass from Brushy Creek Lake over the spillway is negligible 
(<0.001% annually; B. Maahs, Iowa State University, unpublished data); therefore, apparent 
survival was assumed to primarily represent survival of bass within Brushy Creek. Model 
assumptions include all tagged bass within the population have the same probability of survival, 
tag numbers are accurately recorded, sampling events are instantaneous, emigration is 
permanent, and the fate of all bass are independent of one another (Lebreton et al. 1992).  
Capture histories were created for jaw and telemetry tagged bass using a combination of 
boat electrofishing, tournament census, recreational angler recapture data, and radio telemetry 
locations, where a 1 was given if a bass was encountered in a period and a 0 if it was not 
encountered during a period. Survival and detection probabilities were estimated based on 
probabilities associated with each encounter and are conditional on the captured fish’s first 
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release. Notation used in this model describes the probability that a bass is alive at occasion i to 
i+1 (ɸ i) and the probability a bass, given it is alive at occasion i, is captured (pi). For example, a 
recapture history of five occasions (010110) would be modeled as         
ɸ 1 p2 ɸ 2(1-p3) ɸ 3 p4 ɸ 4 p5 [ɸ 5(1-p6) + 1- ɸ 5] 
in the maximum likelihood function. 
Modeling 
To estimate daily survival, time periods within the model were set to the number of days 
during the open water season for each year, beginning with the first day of electrofishing in 2018 
and ending after the last electrofishing event in 2019 (419 d). Winter months between the end of 
the open water season in 2018 and the first day of electrofishing in 2019 were considered as one 
time period (143 d). To account for the unequal winter time period, survival estimates were 
extrapolated to the number of days within the winter period. Daily tag loss is minimal (<0.001%; 
Sylvia 2019) and would have a negligible effect over <7 d period to estimate delayed tournament 
survival, so tag loss was not accounted for in the model.  
 Bass were categorized into one of two groups in the model: jaw-tagged bass and 
telemetry-tagged bass. To account for multiple tournament captures of some bass, an individual 
bass recaptured in a tournament received a 1 in the encounter history on the date of tournament 
capture to provide a final fate for that encounter history. The encounter history was then 
censored, and the bass was considered to be a new fish for each tournament. This approach 
provided a final known detection for each tournament captured individual and allowed us to 
estimate survival for each tournament capture event separately as well as the cumulative effect of 
multiple tournament captures on bass survival (Sylvia and Weber 2019). Bass that were captured 
at a tournament and subsequently electrofished were not censored but instead received a 1 in the 
capture history.  
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Top models were chosen using hierarchical model selection procedures where the best 
designation of detection probability (p) was determined before assessing the post-release survival 
period and factors influencing survival (ɸ). Model selection was based on Akaike’s Information 
Criterion with the small sample size correction (AICc), where AICc values and Akaike weights 
(wi) were used to identify the most parsimonious models (Akaike 1973). A priori hypotheses 
were evaluated using AICc where models containing number of bass per live-well were 
compared to models containing other covariates to determine if factors influencing post-release 
survival were related to 1) angler effects (e.g., weigh-in procedures, time of day, and other 
among tournament variability quantified as the number of initial tournament mortalities), 2) 
environmental effects (i.e., water and air temperature), 3) effect of bass size (i.e., total length), 4) 
number of bass in a live-well, or a combination of all factors influencing post-release survival.  
We started by modeling variation in detection probability, where survival was held 
constant at ɸ(.) while model combinations were compared with tournament angling effort (h), 
electrofishing effort (h), water temperature (ºC), and air temperature (ºC) covariates on detection 
probability. However, detection probability of telemetry tagged bass was only estimated on days 
when radio tracking occurred. Additionally, tournament and electrofishing effort were not 
included as effects on detection probability for telemetry tagged bass on tracking days to avoid 
artificially inflating effects of tournament and electrofishing effort due to a high number of 
telemetry detections. Once the model that best explained detection probability was identified, all 
survival covariates [water temperature, length (mm), number of bass in the live-well, and number 
of initial mortalities] were included on survival to identify a post-release survival period. 
Tournament captured bass received a covariate counting down a set number of days from day-of-
capture to test for acute post-release survival. The set number of days is a series of six time 
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periods of post-release survival: 1, 2, 3, 4, 5, and 7 days. For instance, a bass captured during the 
third sampling event will have a 3 d covariate of  
0 0 3 2 1 0 0… 
The post-release survival time periods follow current post-release survival research where an 
acute effect (<5 d delayed mortality period) was more supported than chronic effects (>7 d; 
Sylvia and Weber 2019). After identifying the most supported post-release survival period, 
additive and interactive linear models with combinations of individual (bass total length, number 
of bass in live-well) and time-dependent (water temperature, number of initial tournament 
mortalities) covariates were used to evaluate potential effects on bass tournament survival. 
Models were added using the ad hoc method to maximize the power to detect changes in 
detection probability then post-release survival period when estimating survival. Additionally, 
number of a priori hypotheses are reduced while estimating parameter estimates similar to 
hypotheses using all possible model combinations (Doherty et al. 2012). 
To identify the predicted cumulative effect of tournament mortality annually, parameter 
estimates from the top model were used to estimate survival across observed tournament specific 
water temperatures and mean bass length. Tournament mortality was estimated as the number of 
bass in each tournament – (survival x number of bass in each tournament). Repeating this 
process for one, two, and three-plus days after tournament capture provided an estimate for the 
number of mortalities each day of the post release survival period for each tournament. Number 
of mortalities for each post tournament capture day for each tournament were added to acquire 
total estimated mortalities for each event. Cumulative mortality estimates were then summed 
across all tournaments annually to estimate total cumulative tournament mortality during the 
2018 and 2019 seasons. 
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Finally, five hypothetical simulations were compared to isolate the effect of number of 
bass in a live-well and identify differences in tournament survival if all live-wells confined the 
same number of bass during a tournament season. For the simulation, we used observed water 
temperatures, mean bass length of 414 mm, and the mean number of bass weighed in (45 bass) 
during each tournament in 2018. Number of bass in a live-well per simulation (i.e., hypothetical 
tournament season) included one, three, five, ten, or fifteen. Cumulative annual mortality for 
each simulation was calculated by multiplying each tournament survival estimate by 45 bass. 
Finally, mortality estimates (1-survival) were summed for the duration of the tournament season. 
This process was repeated for each simulation, allowing for a comparison of annual cumulative 
mortality relative to the number of bass in a live-well. 
 
Results 
A total of 2,515 bass > 330 mm were initially captured and tagged at 80 tournaments and 
an additional 1,356 bass were initially captured and tagged during 131 hours of electrofishing 
during 2018-2019 (Table 1). Bass length ranged from 320 mm to 577 mm with an average length 
of 414 mm and bass between 385 mm and 395 mm being captured the most often. There were 
2,662 bass recaptured at tournaments, electrofishing events, reported by recreational anglers, and 
located during telemetry tracking events (Table 2.1). Of the total 3,871 tagged bass, 2,836 
(73.3%) were captured once, 813 (21.0%) bass were captured twice, 183 (4.7%) bass were 
captured three times, 30 (0.8%) bass were captured four times, seven (0.2%) bass were captured 
five times, one (<0.1%) bass was captured six times, and one (<0.1%) bass was captured seven 
times either from a tournament, electrofishing, or recreational anglers. Of the 3,871 tagged fish, 
613 were recaptured at a tournament. There were also 93 radio telemetry tagged bass located a 
total of 1,307 times across 53 weekly tracking events and 25 (26.9%) were captured at a 
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tournament (Table 2.1). Throughout the tournament season, water temperature ranged from 5.71 
to 28.79 ºC with most of the tournaments occurring during May through August.  
For tournament anglers that captured a legal bass, number of bass observed in tournament 
live-wells ranged from one to fifteen, with three and five bass occurring the most often (Figure 
2.1). Number of bass captured during tournaments and subsequently confined to a live-well was 
highest in May, June, and July (Figure 2.1). Live-wells with ten or more bass were uncommon 
throughout the two tournament seasons but did occur in eight boats during two tournaments in 
2018 (n = 90 total bass). In 2019, number of bass in a live-well did not exceed seven (Figure 
2.1). A total of 86 bass (3.4%) were observed as initial mortalities, with 70 (2.8%) occurring in 
May and June 2018 when number of bass captured at tournaments was greatest. 
Nine models were evaluated to describe variation in jaw and radio telemetry bass 
detection probability. The best supported model contained the effects of tag group (jaw tag and 
telemetry tag), electrofishing effort, tournament effort, and air temperature (ΔAICc = 0.00, wi = 
0.81; Table 2.2). Detection probability was approximately 66 times higher for telemetry than jaw 
tagged bass (Figure 2.2; β = -6.5014; 95% CI: -6.5664, -6.4365). Detection probability also 
increased with increasing air temperature (β = 0.0072; 95% CI: 0.0055, 0.0089) for telemetry 
and jaw tagged bass (Figure 2.3). With increasing electrofishing (β = 0.3027; 95% CI: 0.2917, 
0.3138) and tournament angling effort (β = 0.0048; 95% CI: 0.0045, 0.0050) detection 
probability increased for jaw tagged bass (Figure 2.2). Detection probability for jaw tagged bass 
ranged from 0.0082 (95% CI: 0.0070, 0.0096; Figure 2.2A) with the minimum electrofishing 
effort (1.06 h) at 9.44ºC to 0.0523 (95% CI: 0.0410, 0.0665; Figure 2.2A) and a maximum effort 
(6.85 h) of electrofishing at 29.42ºC. Detection probability of jaw tagged bass also increased 
with tournament effort (Figure 2.2B). Maximum detection probability for jaw tagged bass 
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(0.1186, 95% CI: 0.0894, 0.1557; Figure 2.2B) was observed during periods of the most 
tournament angling effort (576 angler hours/tournament) and warmest air temperature (29.42ºC; 
Figure 2.2B).  
 Post-release survival of tournament captured bass was best described by a three-
day trend after which survival stabilized (Table 2.2). Under the three-day post-tournament 
survival model, bass survival increased with days since tournament capture from 0.9388 (95% 
CI: 0.9272, 0.9487) on the day of the tournament to 0.9939 (95% CI: 0.9932, 0.9945) by day 
three (Figure 2.4). However, four (ΔAICc = 0.16, wi = 0.26), five (ΔAICc = 0.31, wi = 0.24), and 
seven (ΔAICc = 0.67, wi = 0.20) day trends also received support where survival on day of 
tournament was lowest with the four day post-tournament survival model (0.9493; 95% CI: 
0.8959, 0.9761) and increased under the five (0.9568; 95% CI: 0.9206, 0.9770) and seven day 
(0.9668; 95% CI: 0.9585, 0.9734) models. Conversely, one- and two-day post-release survival 
trends of one and two days received little support (ΔAICc >8.00; Table 2.2).  
Of the models explaining variation in bass tournament survival, the top model included 
water temperature (ºC) and bass length (mm) while retaining the best supported model structure 
for detection probability and post-release survival period (ΔAICc 0.00, wi = 0.36; Table 2.2). 
Survival covariates in the best supported model, as well as the second and third supported 
models, included bass length (mm) whereas water temperature (ºC) was included in the top eight 
models (Table 2.2). Increasing water temperature had a negative effect on bass survival (β = -
0.0751; 95% CI: -0.07694, -0.0734) while bass length had a marginal positive effect on bass 
survival (β = 0.0002; 95% CI: < 0.0002, 0.0003). With constant mean water temperature (20.67 
ºC) and bass length (414 mm), bass survival on the day of the tournament was 0.9389 (95% CI: 
0.9272, 0.9487) and increased one (0.9712; 95% CI: 0.9663, 0.9753) and two days (0.9867; 95% 
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CI: 0.9848, 0.9883) after tournament capture. Bass survival was highest three or more days after 
tournament capture (0.9939; 95% CI: 0.9932, 0.9945; Figure 2.4) when survival also represented 
bass not captured at a tournament.  
Water temperature had the greatest effect on bass survival the day of the tournament, 
resulting in a declining effect with days post-tournament. On day of capture and mean bass 
length, survival estimates ranged from 0.9792 (95% CI: 0.9757, 0.9822) at 5.71ºC to 0.8927 
(95% CI: 0.8720, 0.9103) at 28.79ºC (Figure 2.5A), a 9% decrease in survival. One day after a 
tournament, survival ranged from 0.9904 (95% CI: 0.9891, 0.9916) at 5.71ºC to 0.9481 (95% CI: 
0.9388, 0.9560) at 28.79ºC (Figure 2.5A), a 4% decrease in survival. Bass survival two days 
after a tournament ranged from 0.9956 (95% CI: 0.9951, 0.9961) at 5.71ºC to 0.9751 (95% CI: 
0.9719, 0.9789) at 28.79ºC (Figure 2.5A), a 2% decrease in survival. Finally, bass survival three 
days after a tournament ranged from 0.9980 (95% CI: 0.9978, 0.9982) at 5.71ºC to 0.9888 (95% 
CI: 0.9873, 0.9900) at 28.79ºC, a <1% decrease in survival (Figure 2.5A). Alternatively, survival 
increased less than 1% with increasing bass length at all observed water temperatures (Figure 
2.5B).  
The next-to-best supported model also included water temperature with the additional 
effect of number of bass in the live-well (ΔAICc = 1.75). Bass survival decreased with number of 
bass in the live-well (β = -0.0520; 95% CI: -0.2496, 0.1456) and was lowest on day of capture 
during periods of high water temperature (Figure 2.6B). On the day of the tournament and at a 
water temperature of 5.71ºC, bass survival decreased from 0.9819 (95% CI: 0.9592, 0.9921) with 
one bass in the live-well to 0.9632 (95% CI: 0.4167, 0.9990) with fifteen bass in the live-well 
(Figure 2.6), a 2% decrease. However, number of bass in the live-well had greater effects on 
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survival at warmer water temperatures. For example, at 19.04ºC, bass survival decreased by 5%, 
at 23.18ºC survival decreased by 6%, and at 28.79ºC survival decreased by 9% (Figure 2.6B). 
The third ranked model also received support (ΔAICc =1.87; Table 2.2) and included the 
number of initial mortalities (β = -0.0219; 95% CI: -0.0232, -0.0206) during each tournament. 
Similar to water temperature and number of bass in live-well, survival decreased as the number 
of initial tournament mortalities increased, with the largest effect occurring on day of tournament 
(Figure 2.5D). On the day of tournament capture at cool water temperatures (5.71ºC), bass 
survival decreased from 0.9700 (95% CI: 0.9776, 0.9810) with zero initial mortalities to 0.9692 
(95% CI: 0.9648, 0.9730) with 20 initial mortalities at a single tournament (Figure 2.6), a 1% 
decrease. At tournaments with warm water temperatures (28.79ºC), bass survival decreased from 
0.8930 (95% CI: 0.8801, 0.9082) with zero initial mortalities to 0.8476 (95% CI: 0.8253, 0.8676) 
with 20 initial mortalities, a 5% decrease. 
Based on daily survival estimates following each tournament, cumulative mortality of 
tournament captured bass was estimated at 11.6% (95% CI: 9.9%, 13.7%) in 2018 and 11.6% 
(95% CI: 9.8%, 13.6%) in 2019 (Figure 2.7). The largest percentage of tournament mortality 
occurred in June 2018 (3.5%; 95% CI: 3.0%, 4.1%) and 2019 (3.9%; 95% CI: 3.4%, 4.7%) 
(Figure 2.7). In a theoretical tournament season where 45 bass are caught at each tournament and 
all were held in live-wells with the same number of conspecifics, cumulative tournament 
mortality in 2018 was 20.3% (95% CI: 0.5%, 100.0%) when there were 15 bass in a live-well 
and declined to 16.0% (95% CI: 1.1%, 100.0%) with 10 bass, 12.5% (95% CI: 2.2%, 57.1%) 
with five bass, 11.4% (95% CI: 3.0%, 38.8%) with three bass, and 10.3% (95% CI: 4.0%, 
25.4%) with a single bass (Figure 2.8). With water temperatures observed in 2019, theoretical 
cumulative tournament mortality was estimated at 16.8% (95% CI: 0.5%, 100.0%) when there 
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were 15 bass in a live-well and declined to 15.9% (95% CI: 1.1%, 100.0%) with 10 bass, 12.5% 
(95% CI: 2.2%, 56.9%) with five bass, 11.3% (95% CI: 3.0%, 38.5%) with three bass, and 
10.3% (95% CI: 4.0%, 25.2%) with a single bass (Figure 2.8). 
 
Discussion 
Environmental and angler related stressors can affect post-release survival of tournament 
captured bass for multiple days following tournament release (Wilde et al. 1998; Schramm et al. 
2006; Siepker et al. 2007; Keretz et al. 2018). Using mark-recapture methods, we minimized 
additional stress associated with post-release confinement and surgeries and identified a three- to 
seven-day post-release period where tournament stress reduced survival of captured bass. Only 
one prior study has been conducted with a similar method where a two- to four-day post 
tournament survival period was also identified (Sylvia and Weber 2019). However, other studies 
have identified a four- to nineteen-day post-release survival period using mesh holding pens 
(May 1972; Schramm et al. 1987; Bennett et al. 1989; Hartley and Moring 1995; Kwak and 
Henry 1995; Gilliland 1997; Weathers and Newman 1997; Neal and Lopez-Clayton 2001; 
Edwards et al. 2004), telemetry techniques (Maynard et al. 2013; Taylor et al. 2015; Kerns et al. 
2016), or release sites confined by block nets (Welborn and Barkley 1973; Plumb et al. 1975). 
Enumerating post-release survival by holding angler captured bass in cages limits fish to an area 
that may not represent natural conditions or habitat experienced by released bass. Our work 
presented here assessed post-tournament survival of more than 2,600 bass captured at 80 
tournaments using a combined tag capture-recapture analyses, improving over previous study 
designs and advancing our knowledge of factors affecting post-tournament bass survival. 
Differences in post-release survival between our results and previous studies may be attributed to 
different water temperatures or time of year tournaments were assessed, sizes of bass evaluated, 
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number of fish held by anglers in live wells, and angler fish care practices, resulting in variable 
initial and delayed mortality.  
Water temperature was an important factor that had an adverse effect on bass tournament 
survival. Observing 80 tournaments allowed us to evaluate tournament survival across a 23ºC 
range in water temperature. Other studies have observed no effect of water temperature on 
tournament survival but only evaluated up to 14 tournaments across a two-year period (Schramm 
et al. 1987; Hartley and Moring 1995; Kwak and Henry 1995; Weathers and Newman 1997), 
potentially not providing enough variation in water temperature to observe an effect. Similarly, 
water temperature only explained 20-30% of the variation in tournament mortality when results 
of 20 different studies were evaluated, but 14 of these studies incorporated fewer than ten 
tournaments (Wilde 1998). However, studies that evaluated 15 to 131 bass tournaments found a 
negative relationship between water temperature and post-release tournament survival (Bennett 
et al. 1989; Edwards et al. 2004; Sylvia and Weber 2019). Similarly, simulations demonstrated 
that bass tournament survival decreased when water temperatures were above 33ºC (Keretz et al. 
2018). Similar patterns of lower tournament survival at high water temperatures are observed 
with other tournament targeted species, including Smallmouth Bass (Micropterus dolomieu; 
Welborn and Barkley 1973) and Walleye (Sander vitreus; Fielder and Johnson 1994). 
Tournament angled bass are exposed to a multitude of stressors that can increase at high water 
temperatures when angled fish experience physiological disturbances that may lead to lower 
survival rates (Gustaveson et al. 1991; Cooke and Suski 2005) but return to normal levels after 
24 hours (Carmichael et al. 1984b), supporting our observation of water temperature having the 
greatest effect on day of capture when the effects of cumulative tournament stress is greatest. 
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In addition to water temperature, bass length was also supported as a covariate positively 
influencing post-release tournament bass survival. However, the difference in survival between 
minimum (320 mm) and maximum (577 mm) bass total length was marginal (< 1%) at the 
maximum observed water temperature (~29ºC). Post-release tournament survival has been both 
negatively (Meals and Miranda 1994; Weathers and Newman 1997) and positively (Wilde 1998) 
related to bass length. However, variation in bass length among studies may account for 
differences in effects of length. Of the bass we evaluated, only 3% were of memorable size or 
larger (> 510 mm) and no bass were trophy size (>600 mm), reducing our ability to detect 
survival differences within these larger size classes. Additionally, hook injury due to hooking 
location and lure type (Ostrand et al. 2005; Wilde and Pope 2008) can be more severe for smaller 
fish (Meka 2004). For example, survival increases with bass length when lures with treble hooks 
are used (Myers and Poarch 2000) and smaller Rainbow Trout (Oncorhynchus mykiss) 
experienced increased injury and bleeding rates than larger individuals (Meka 2004). Larger bass 
also provide easier access to hooks imbedded in the jaw and esophagus, potentially allowing for 
easier removal and reduced mortality due to less air exposure during the hook removal (Cooke et 
al. 2002; Cooke et al. 2003b; Suski et al. 2004; Keretz et al. 2018). 
Our second most supported model supported our hypothesis that increasing number of 
bass in a live-well would decrease bass tournament survival. Live-well water quality parameters, 
including un-ionized ammonia, dissolved oxygen, and pH, typically become degraded when 
more bass are confined in live-wells (Kwak and Henry 1995; Harmon 2009), leading to 
increased bass metabolic rates and stress (Cooke et al. 2002), reducing bass survival (Carmichael 
et al. 1984b; Suski et al. 2006; Harmon 2009). Additionally, movement rates increase in live-
wells when more than one bass is confined, increasing oxygen demand (Cooke et al. 2002) and 
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the number of aggressive and unintentional interactions between individuals (Suski et al. 2005). 
Other studies, based on few tournaments with a limited range in water temperature or <10 bass 
within a live-well, identified both negative (Kwak and Henry 1995; Schramm et al. 2004) and 
positive (Schramm et al. 1987; Meals and Miranda 1994) effect of number of bass in a live-well 
on post-release survival. However, limiting an evaluation to a few tournaments where water 
temperature is <23°C (Kwak and Henry 1995) or maximum number of bass in a live-well is <10 
bass (Schramm et al. 1987) may limit the ability to detect an effect. Similarly, at temperatures 
<23°C and <10 bass in a live-well, we also found that number of bass per live-well had little 
effect on survival.  
High variability in the observed number of bass in a live-well resulted from one to three 
anglers per boat fishing either individually or as a team, state and tournament specific regulations 
on the number and size of bass that could be weighed in, and bass catchability among 
tournaments. Previous evaluations observed up to twelve bass in a live-well (Kwak and Henry 
1995), but fewer bass were more commonly observed with a mean maximum number of bass per 
team of 8.5 bass (Schramm et al. 1987), 7.1 bass (Schramm et al. 2004), and 4.1 bass (Meals and 
Miranda 1994). Thus, the higher range of bass we observed in a live-well (1-15 bass) than 
previous evaluations likely allowed us to detect an effect of number in a live-well on bass 
survival. However, few live-wells in this study contained ten or more bass (seven of 1,167 live-
wells evaluated, 0.6%) and fifteen bass in a live-well were only observed in two live-wells 
during one tournament in May 2018 when three anglers each with their own bag were fishing out 
of a boat. While we found some support that increasing the number of bass in a live-well 
decreases tournament survival, the effect of 15 bass in a live-well is likely negligible in most 
situations due to its infrequency. Typically, five or fewer bass are held per live-well, and our 
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results indicate only a 2.2% difference in survival for one compared to five bass per live-well on 
the day of the tournament during maximum observed water temperature (28.8ºC). Therefore, 
under most situations, the number of bass confined likely has little effect on overall survival and 
the few tournaments that had more than ten bass in a live-well, particularly during cool 
temperatures, have relatively little effect on total tournament mortality.  
Number of initial bass tournament mortalities was negatively related to post-release 
survival in our third most supported model, providing a simple predictor for estimating delayed 
tournament mortality. Initial tournament mortalities is likely reflective of the variation in 
individual tournament characteristics (i.e., number of anglers, angling duration, time bass spent 
in live-wells, live-well water quality, weigh-in and handing procedures, etc.; Ostrand et al. 1999) 
that are difficult to assess for every bass captured while still accounting for variability in survival 
not explained using other covariates. Initial tournament mortalities have been related to lower 
post-release survival of bass in Idaho (Bennett and Dunsmore 1989) but also unrelated with post-
release survival (Schramm et al. 1987). We only observed a 5% decrease in post-release survival 
between zero and 20 initial tournament mortalities during maximum water temperatures. A 
stronger relationship between initial mortality and post-release survival may not have been 
observed in other studies and ours because the cause of mortality may be specific to an 
individual (e.g., hook location, fight duration, tackle used, etc.) rather than groups of fish 
confined to a single live-well. Bass captured by different anglers may experience different 
survival rates due to different hook types (Cooke et al. 2003c; Ostrand et al. 2005) leading to 
variable hooking locations (Pelzman 1978; Wilde and Pope 2008), hooking duration (Schramm 
et al. 1987; Gustaveson et al. 1991; Keretz et al. 2018), and air exposure (Cooke et al. 2002). 
Disturbing bass within a live-well through the culling process can also increase stress responses 
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of confined bass leading to decreased survival (Cooke et al. 2002) and can vary between anglers 
depending on how often fish are culled or disturbed within a live-well. Additionally, individuals 
captured directly before weigh-in have limited exposure to stress associated with live-well 
confinement versus bass captured earlier in the tournament. Thus, water temperature provides a 
useful method for management agencies to estimate the post-release survival of captured bass.  
Using mark-recapture methods is a viable method of estimating post-release tournament 
survival (Sylvia and Weber 2019). However, several model assumptions must be met to obtain 
reliable survival estimates. For instance, all tagged bass have the same chance of capture and 
survival, and tags are not missed. While captured bass may require a recovery period (Cline et al. 
2012; Sass et al. 2018), bass resume feeding within 16 h of being released (Siepker et al. 2006). 
Therefore, we assumed all bass had equal probability of recapture each day. Conducting a total 
tournament census, we are confident all tags were seen and identified correctly but there is a 
chance for bias if a portion of the population exhibits different levels of angler recapture (e.g., 
Colgan 1986; Philipp et al. 2009) that would bias tournament survival. Additionally, combining 
inexpensive external jaw tags allowed for a high volume of tags and increased detection 
probability of radio telemetry, we used advantages from both tag types for improved precision of 
survival estimates (Hightower et al. 2001; Hightower and Harris 2017). However, benefits of 
radio telemetry are lost if bass are in deep water or die and sink in deep and become undetectable 
due to weak signal strength. Detection probability of radio tagged bass here was >0.90, 
suggesting bass stayed within a detectable area of the lake most of the year. Therefore, our 
application of passive and active tag types in mark-recapture models to evaluate post-release 
tournament survival provides a unique framework to evaluate post-release survival of fisheries. 
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Using public and club bass tournaments provide important insights into actual 
tournament practices and effects, but we were not able to obtain live-well sizes and control the 
number of bass in a live-well or duration of live-well confinement. These limitations resulted in 
few observations of ten or more bass per live-well and unequal live-well confinement periods. 
Using live-well densities (i.e., weight or number of fish per volume of water specific to each 
boat) in the future may improve our understanding of the effect number in a live-well has on 
tournament survival and more accurately represent live-well conditions due to water quality 
fluctuations likely changing between different live-well sizes (Cooke et al. 2002). Additionally, 
using the number of bass in a live-well as a factor affecting tournament survival may not capture 
all handling and confinement variability between anglers and boats. For example, anglers may 
choose to use different live-well additives (e.g., ice, salt, or chemicals)  that could affect survival 
of tournament captured bass (Gilliland 2002; Schramm et al. 2006; Suski et al. 2006; Harnish et 
al. 2011). Additionally, differences in handling frequency (Cooke et al. 2002; Suski et al. 2004) 
and dissolved oxygen levels (Hartley and Moring 1993; Keretz et al. 2018) due to replenishing 
live-well water at different rates and aeration can affect survival of bass confined in tournament 
angler live-wells. While number of bass is an easy metric to quantify, accounting for the 
different stressors bass are exposed to while confined in live-wells of different anglers may 
provide a clearer understanding of how the number of bass in a live-well effects tournament 
mortality.  
 Live-release tournaments can be the primary source of angler related mortality for bass 
populations (Hysmith et al. 2014; Sylvia 2019). Therefore, understanding the effects tournament 
stressors have on captured bass is critical for effective management of bass populations. Annual 
tournament mortality varies among bass populations (Hayes et al. 1995; Allen et al. 2004; 
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Driscoll et al. 2007). Total tournament mortality was similar between years (11.6% in 2018 and 
2019) despite one tournament in 2018 having live-wells with fifteen bass and no bass confined in 
a live-well with more than six total bass in 2019. Annual tournament mortality has been reported 
as <2% in Connecticut (Edwards et al. 2004), 4.7% in Minnesota (Kwak and Henry 1995), and 
as high as 42% in a Puerto Rico reservoir when bass were held on stringers (Neal and Lopez-
Clayton 2001). However, high natural mortality rates can offset effects of high tournament 
mortality causing negligible population-level effects (Driscoll et al. 2007). As an example, high 
tournament mortality in Puerto Rico only accounted for 11% of the total annual mortality due to 
high natural mortality (Neal and Lopez-Clayton 2001). Similarly, natural mortality of bass in 
Brushy Creek Lake is 57%, representing the largest source of mortality and is ten times larger 
than tournament delayed mortality (Sylvia et al. In revision). Thus, tournament mortality likely 
has minimal effects on the bass population under these situations (Sylvia 2019; Sylvia et al. In 
revision) but similar techniques could be used to estimate tournament mortality in other 
populations with lower natural mortality. In either scenario, our results provide new insights into 
the effects of angler and environmental conditions on bass tournament survival and can be used 
to better understand the effects of post-release tournament survival on populations.    
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Figure 2.1. Number of Largemouth Bass retained with one through fifteen bass in the live-well 
per month (April-October) during the 2018 and 2019 tournament seasons at Brushy Creek Lake, 




Figure 2.2. Detection probability (p) for jaw tagged Largemouth Bass in relation to hours of 
electrofishing (A) and tournament angler effort (B) at air temperatures of 9.44ºC (solid line), 
16.31ºC (dotted line), 19.77ºC (dashed line), and 22.94ºC (dashed and dotted line). Air 
temperatures represent the 20th, 40th, 60th, and 80th percentiles observed at Brushy Creek Lake, 
Iowa, USA during the 2018 and 2019 tournament seasons. Note the small range in the y-axis 




Figure 2.3. Detection probability (±95% confidence bands, grey) for telemetry tagged (A) and 
jaw tagged (B) Largemouth Bass from Brushy Creek Lake, Iowa, USA. Note the small range in 





Figure 2.4. Apparent survival (± 95% confidence bands) for tournament captured Largemouth 
Bass at Brushy Creek Lake, Iowa, USA on day of capture (day zero), up to seven + days post 
capture at mean water temperature of 20.67ºC. A three-day (A) post tournament capture survival 






Figure 2.5. Apparent survival of tournament captured Largemouth Bass from Brushy Creek 
Lake, Iowa, USA during the day of tournament capture (solid line), one day post capture (dotted 
line), two days post capture (dashed line), and three + days (dashed and dotted line) post capture 
in relation to water temperature (A), bass length (B), number of bass in live-well (C), and 









Figure 2.6. Apparent survival of tournament captured Largemouth Bass from Brushy Creek Lake, Iowa, USA on the day of 
tournament capture at water temperatures of 5.71ºC (solid line), 19.04ºC (dotted line), 23.18ºC (dashed line), and 28.79ºC (dashed and 
dotted line) in relation to bass length (A), number of bass in the live-well (B), and number of initial tournament mortalities (C). Water 




Figure 2.7. Percent delayed mortality (± 95% confidence bands) of tournament captured 
Largemouth Bass each from April through October (solid line) and cumulatively (dashed line) 




Figure 2.8. Cumulative mortality for five hypothetical tournament scenarios where 45 
Largemouth Bass were captured per tournament (mean among all tournaments; 1,755 bass 
cumulatively) and were simulated to all be held with 1 bass (1 in LW; solid line), 3 bass (3 in 
LW; dotted line), 5 bass (5 in LW; small dashed line), 10 bass (10 in LW; dashed and dotted 
line), or 15 bass (15 in LW; large dashed line) per live-well. Number of bass surviving was 
estimated based on model 1 of the apparent daily survival models in Table 2 and used observed 
water temperatures from the 2018 and 2019 tournament seasons (April-October) at Brushy Creek 




Table 2.1. Number of Largemouth Bass tagged and recaptured in each tag group from 
tournament captures and electrofishing in 2018 and 2019 at Brushy Creek Lake, Iowa, USA. 
Number of bass in model and number recaptured includes censored bass after being recaptured. 











Tournament 1,433 317 1,720 280 173 
Electrofishing 952 118 952 234 100 
Rec Angler - - - 139 81 
2019 
Tournament 1,082 152 1,415 - 158 
Electrofishing 404 26 404 - 90 
Rec Angler - - - - 55 
Telemetry tag 
2018 
Tournament - - 17 16 6 
Electrofishing 65 17 65 5 6 
Rec Angler - - - 8 2 
Tracking - - - 772 336 
2019 
Tournament - - 8 - 1 
Electrofishing 28 8 29 - 1 
Rec Angler - - - - 0 





Table 2.2. All Cormack-Jolly-Seber models used to identify covariates describing detection 
probability (p), post-release survival period, and apparent daily survival (ɸ) of jaw and telemetry 
tagged bass during the open water seasons in 2018 and 2019 in Brushy Creek Lake, Iowa, USA. 
Covariates evaluated for potential effects on detection probability included differences between 
jaw and telemetry tagged bass (g), electrofishing sampling effort (efish effort), tournament 
angling effort (tour effort), and air temperature (AT). Covariates evaluated for potential effects 
on apparent daily survival (ɸ) include 3-day survival period (3 day), water temperature (WT), 
total bass length (L), number of bass in live-well (# in LW), and number of initial tournament 
mortalities (# of IM). Columns in the table include AICc = Akaike’s Information Criterion with a 
small sample size correction, ΔAICc = model AICc – min AICc, Wi = Akaike weight, K = number 
of parameters, Deviance = (-2 x log-likelihood of model) - (-2 x log-likelihood of most saturated 
model with same number of parameters and degrees of freedom). 
Model AICc ΔAICc Wi K Deviance 
Detection probability      
p (g + efish effort + tour effort + AT) 20,666.04 0.00 0.81 6 20,654.03 
p (g + efish effort + tour effort) 20,668.93 2.89 0.19 5 20,658.92 
p (g + tour effort) 21,016.89 350.85 0.00 4 21,008.89 
p (g + tour effort + AT) 21,017.24 351.19 0.00 5 21,007.23 
p (g + efish effort + AT) 21,125.15 459.11 0.00 5 21,115.14 
p (g + efish effort) 21,137.28 471.24 0.00 4 21,129.28 
p (g + AT) 21,332.36 666.32 0.00 4 21,324.36 
p (g) 21,338.65 672.60 0.00 3 21,332.64 
p (g + WT) 21,340.58 674.54 0.00 4 21,332.58 
Post-release survival period      
ɸ (3 day) 20,593.98 0.00 0.28 11 20,571.94 
ɸ (4 day) 20,594.14 0.16 0.26 11 20,572.10 
ɸ (5 day) 20,594.29 0.31 0.24 11 20,572.25 
ɸ (7 day) 20,594.65 0.67 0.20 11 20,572.61 
ɸ (1 day) 20,602.08 8.10 0.01 11 20,580.04 
ɸ (2 day) 20,603.47 9.49 0.00 11 20,581.43 
Apparent daily survival      
ɸ (3 day + WT + L) 20,590.30 0.00 0.36 9 20,572.27 
ɸ (3 day + WT + L + # in LW) 20,592.05 1.75 0.15 10 20,572.01 
ɸ (3 day + WT + L + # of IM) 20,592.17 1.87 0.14 10 20,572.14 
ɸ (3 day + WT) 20,592.52 2.22 0.12 8 20,576.50 
ɸ (3 day + WT + # in LW + WT*# in LW) 20,593.28 2.98 0.08 10 20,573.25 
ɸ (3 day + WT + L + # of IM + # in LW) 20,593.98 3.69 0.06 11 20,571.94 
ɸ (3 day + WT + # in LW) 20,594.31 4.01 0.05 9 20,576.28 
ɸ (3 day + WT + # of IM) 20,594.46 4.17 0.05 9 20,576.44 
ɸ (3 day + L) 20,647.02 56.72 0.00 8 20,631.00 
ɸ (3 day + L + # in LW) 20,648.60 58.30 0.00 9 20,630.57 
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Table 2.2 Continued. 
Model AICc ΔAICc Wi K Deviance 
ɸ (3 day + L + # of IM) 20,648.63 58.33 0.00 9 20,630.60 
ɸ (3 day) 20,650.25 59.95 0.00 7 20,636.23 
ɸ (3 day + # in LW) 20,651.90 61.60 0.00 8 20,635.88 




CHAPTER 3.    EFFECTS OF LENGTH AND BAG LIMITS ON LARGEMOUTH BASS 
TOURNAMENT CAPTURE PROBABILITY AND MORTALITY 
Brandon Maahs, Andrea Sylvia, and Michael J. Weber 
Iowa State University, Department of Natural Resource Ecology and Management, 339 Science 
Hall II, Ames, IA 50011, USA 
Modified from a manuscript to be submitted to Fisheries Management and Ecology  
Abstract 
Black bass (Micropterus spp.) tournament mortality can be a major source of fish loss for 
many populations. Therefore, identifying effective management techniques for black bass 
tournaments can be critical for managing populations. Length and bag limit regulations are 
typically used to regulate exploitation; however, they may also have utility for reducing the 
number of bass weighed in by tournament anglers and subsequent mortality. Yet, information 
about the effectiveness of such regulations on live-release bass tournaments is limited. 
Largemouth Bass (Micropterus salmoides) were tagged following 2015-2019 live-release 
tournaments and monthly electrofishing events at Brushy Creek Lake, Iowa, USA. A before-
after-control-impact (BACI) analysis was used to evaluate the effect of tournament regulations 
on bass monthly catch rates among regulation types. Next, we assessed the effects of bass 
tournament regulations, angler effort, and environmental characteristics on bass capture 
probability using a live capture multistate model. Number of bass weighed in per tournament 
angler hour during 205 tournaments was similar between a three bass, >381 mm minimum length 
limit and more liberalized regulations. Environmental covariates and angler effort were more 
supported in describing bass capture probability than length or bag limit regulations. Simulations 




reduced the number of bass weighed in by up to 35%, and a bag limit of one bass would result in 
a 62% reduction in number of bass weighed in. Estimated tournament mortality was greatest in 
July and August during high water temperatures, but low catch rates during these times resulted 
in little total bass mortality. Additionally, a simulated bag limit of one bass reduced tournament 
mortality by 60%, suggesting very restrictive bag and length regulations may reduce tournament 
mortality but may not be biologically significant if tournament mortality is low. While we did 
not observe current length and bag limits to affect bass capture probability, number of bass 
weighed in and associated tournament mortality may be reduced if bag and length limits are very 
restrictive; however, restrictive regulations may not be biologically necessary or socially 
acceptable. 
Key words: bass catchability, tournament regulations, tournament mortality, M. salmoides 
 
Introduction 
Black bass (Micropterus spp.) are a highly studied genus and provide many recreational 
angling opportunities. Due to their adaptability and tolerance to a wide range of habitats, black 
bass have consistently risen in popularity with anglers since the 1970s (Hartley et al. 1995; Long 
et al. 2015; USFWS 2016). As popularity of black bass recreational angling increased, the 
popularity of competitive live-release tournaments also increased (Schramm et al. 1991). The 
first live-release black bass tournaments were conducted in 1972 and by 1991, 78% of the 29,500 
freshwater competitive angling events in North America targeted black bass (Schramm et al. 
1991). More recently, an average of 41,939 black bass tournaments were reported annually in 14 
southeastern states between 2009 and 2011, a 124% increase from the annual average number of 




current live-release format, black bass tournaments may increase mortality related to catch-and-
release angling, increasing negative effects on popular black bass populations (Wilde et al. 1998; 
Allen et al. 2004; Suski et al. 2005; Kerns 2012; Hysmith et al. 2014). 
Although the first black bass tournaments were harvest events, today, black bass 
tournaments are live-release events where all captured individuals are returned to the water 
(Holbrook 1975; Nielsen 1999; Long et al. 2015; Schramm and Gilliland 2015). However, not all 
fish survive the capture, confinement, and weigh-in process (Kwak and Henry 1995; Weathers 
and Newman 1997; Wilde 1998; Cooke et al. 2002; Long et al. 2015; Schramm and Gilliland 
2015; Sylvia and Weber 2019). Black bass captured and retained by tournament anglers are 
generally held in a live-well then exposed to extensive handling during weigh-in procedures. 
Stress associated with prolonged live-well confinement, exposure to poor water quality, and 
handling can lead to total tournament mortality ranging from 5%-68% of captured individuals 
(Carmichael et al. 1984; Hayes et al. 1995; Kwak and Henry 1995; Neal and Lopez-Clayton 
2001; Driscoll et al. 2007; Moon et al. 2017; Sylvia and Weber 2019). Additionally, bass anglers 
are efficient at locating and capturing bass (Sylvia et al. 2019; Detmer et al. 2020), can capture a 
large portion (5-43%) of some Largemouth Bass (Micropterus salmoides) populations over the 
course of a tournament season (Driscoll et al. 2007; Hysmith et al. 2014; Sylvia and Weber 
2019), and tournament mortality is the largest source of angling mortality for some bass 
populations (Allen et al. 2004; Hysmith et al. 2014; Sylvia and Weber 2019). Therefore, 
tournament fishing may be negatively affecting bass populations through tournament induced 
mortality (Hayes et al. 1995; Allen et al. 1998; Wilde et al. 1998; Allen et al. 2004).  
Harvest regulations, such as length and bag limits, are used to limit the size and number 




populations (Isermann and Paukert 2010). Similarly, harvest regulations could be a tool used to 
reduce the number of bass weighed in at fishing tournaments and subsequently reduce 
tournament mortality. Throughout the United States, black bass minimum length limits can range 
from no minimum length (Florida FWC 2020; Louisiana DNR 2020; West Virginia DNR 2020), 
>356 mm (Georgia DNR 2020), and up to >533 mm on some waters (Kentucky FW 2020; 
Nebraska Game and Parks 2020). Additionally, black bass bag limits can range from one (Illinois 
DNR 2020; Indiana DNR 2020), to three (Iowa DNR 2020; North Dakota GF 2020), or to ten 
black bass (Alabama DCNR 2020; Arkansas GFC 2020; Louisiana DNR 2020) with some 
systems limiting anglers to a total of five black bass but with a protective slot from 406 mm to 
610 mm and only one >610 mm (Texas 2020; Virginia DGIF 2020). However, effectiveness of 
length and bag limits to manage harvest of recreational fisheries dominated by live-release 
angling is variable (Wilde 1997) but is often ineffective (Cook et al. 2001; Miranda et al. 2017; 
Sylvia et al. in revision) due to anglers harvesting fewer fish than allowed under the creel 
(Munger and Kraai 1997; Radomski et al. 2001; Isermann et al. 2007). Consequently, it is 
unclear if bag and length limits can reduce the number of bass weighed in and subsequent 
tournament mortality due to high catch-rates of skilled tournament anglers (Fisher 1997; 
Beardmore et al. 2011; Sylvia et al. in review) or be ineffective due to tournament anglers 
currently weighing-in fewer fish than allowed by existing regulations. 
Beyond bag and size limit regulations, a suite of different factors likely influence black 
bass capture probability that determines the number of bass anglers are able to capture and 
weigh-in at tournaments. Bass captures by tournament anglers may vary seasonally in relation to 
environmental conditions (Sylvia et al. 2020) where increased catch rates can occur due to 




warming water temperature (Suski et al. 2003a; Suski et al. 2003b; Suski and Philip 2004). 
Tournament angler effort may increase the potential overlap between black bass and anglers, 
increasing capture probability (Sylvia et al. 2020) while total tournament catch may account for 
cumulative differences between tournaments unaccounted for by other factors that influence 
black bass capture. However, the relative effects of length and bag limits compared to 
environmental conditions and tournament angler effort on the probability of black bass being 
captured and weighed in during a live-release tournament is unknown. 
Harvest regulations are a common tool in fisheries management for manipulating the 
number and sizes of fish harvested (Noble and Jones 1999). Similarly, harvest regulations may 
be a tool used to alter number and sizes of bass captured by tournament anglers and associated 
delayed mortality of tournament captured bass (Edwards et al. 2004). However, other factors that 
influence bass capture probability could have a larger effect than harvest regulations on bass 
capture probability, nullifying potential benefits of harvest regulations for managing delayed 
mortality of bass tournaments. Yet, no information is available regarding the relative 
effectiveness of harvest regulations compared to other factors on bass tournament capture 
probability for reducing number of bass weighed in and the associated delayed mortality of 
tournament captured bass. Therefore, our objectives were to 1) assess if tournament anglers 
weighed in more fish under liberalized limits compared to a >381 mm three fish limit, 2) 
evaluate the relative importance of bass tournament minimum length and bag limit regulations, 
environmental characteristics (i.e., water temperature and wind speed), and tournament angler 
effort for bass tournament capture probability, 3) estimate reduction in number of bass weighed 
in under a range of reduced bag limits and increased minimum length limits, and 4) estimate the 




hypothesized that anglers in tournaments with lower minimum length and a bag limit of five bass 
would weigh-in more bass and have the greatest probability of capturing bass whereas more 
conservative minimum length and bag limits would reduce bass capture probability. We also 
hypothesized that a bag limit of less than three bass and length limit >381 mm are needed before 
the number of bass weighed in and the associated tournament mortality are reduced. Results of 
this study provide a greater understanding of factors influencing tournament capture of bass and 
where management efforts should focus to influence the number of bass weighed in and 




Brushy Creek Lake is a 279-ha reservoir in Webster County, Iowa USA with a mean 
depth of 8.9 m, a max depth of 22.9 m, and a mean Secchi disk depth of 1.63 m (SE = 0.68). 
Emerged and submerged coarse woody habitat is abundant throughout the perimeter of the lake 
(mean = 2.0, SE = 0.004 trees/100m2; Weber and Weber 2020) and emerged and submerged 
aquatic vegetation is abundant throughout the littoral zone. A prolific Largemouth Bass 
(hereafter referred to as bass) population supports approximately 40 live-release bass 
tournaments per year (mean 23.92 tournament angler hours/ha/year from 2015-2019) during the 
open water season (April-October).  
From 1987 through 2017, tournament anglers in Iowa, USA could weigh-in up to three 
black bass at a lake specific minimum length limit, typically >381 mm (>15”). Under these 
regulations, up to 30% of a black bass population was weighed in at tournaments annually at 




2020, in revision). In 2017, the Iowa legislature passed new regulations for black bass 
tournaments statewide, allowing tournament anglers starting in 2018 to weigh-in up to five bass 
with no state mandated minimum length limit. Bass tournaments during 2018-2019 at Brushy 
Creek Lake adopted a variety of self-imposed creel (either three or five bass limit) and length 
limits (no minimum, 305 mm, 330 mm, 356 mm, 381 mm minimum length limits), providing an 
opportunity to assess how variation in tournament regulations affect bass tournament capture 
relative to environmental conditions (i.e., wind speed and water temperature) and angler effort 
(i.e., total tournament angling hours or number of bass weighed in). 
Sampling 
Electrofishing 
Boat electrofishing (pulsed DC 300 V, 12 amps) was conducted monthly across the entire 
accessible shoreline (approximately 3 d/month; mean monthly electrofishing duration = 8.3 hrs ± 
4.9 95% CI) during the 2018 and 2019 open water seasons. All untagged bass >330mm were 
weighed (g), measured (mm), tagged on the upper left jaw with an individually numbered metal 
Monel butt end band, and received a year specific fin clip to enumerate tag loss. Initial tagging 
year, identified by year specific fin clip, was recorded for tag loss bass. Monel tags were selected 
for their high retention for black bass (MacCrimmon and Robbins 1979). Recaptured bass were 
measured (mm), weighed (g), and tag number was recorded before being released.  
Bass Tournaments 
All bass tournaments at Brushy Creek Lake were censused by attending all tournaments 
and collecting all bass weighed in by tournament anglers during 2015-2019. Per Iowa legislation, 
tournament groups in 2018 and 2019 could choose what regulations their tournament followed as 




(minimum length limit and bag limit) were recorded for each tournament along with tournament 
size (number of anglers), tournament duration (hours), number of bass captured, initial bass 
mortalities (dead fish at tournament weigh-in), mean water temperature recorded with 
temperature loggers (Onset Corporation HOBO Pendant Temperature/Light 64K Data Logger, 
15 min sampling intervals) from four locations within the lake at 0 and 4.6 m, and mean air 
temperature (ºC; attained from Weather Underground historical data, 
https://www.wunderground.com/history) during 2018 and 2019. Following the tournament’s 
weigh-in, bass were placed in water filled tanks with supplemental oxygen. Each bass was 
examined for a jaw tag or clipped fins indicating tag loss. Tag number of recaptured bass were 
recorded along with weight (g) and length (mm). Similar to electroshocked bass, bass were 
tagged with a metal Monel tag on their top left jaw and received a year specific fin clip to 
enumerate tag loss. Once processed, all bass were released from the weigh-in location.  
Radio Telemetry 
Radio telemetry tags (ATS, Isanti, Minnesota; F1835 14 gr in water; 897 d battery life) 
were surgically implanted in 65 bass in April 2018 and an additional 29 bass in April 2019. 
Radio tagged bass were >500 g and >381 mm to ensure tags were <2% of the fish’s body weight 
(Winter 1996). Telemetry bass were collected using electrofishing (pulsed DC, 300 v, 12 amps) 
from across four sections (north, west, east, and south) of Brushy Creek Lake. Bass were tagged 
with a Monel butt-end band on the upper left jaw and given a year specific fin clip. Next, bass 
were placed ventral side up on an operation cradle and electroanesthesia (Trushenski et al. 2012; 
Kim et al. 2017) was used to surgically place transmitters in the intracoelomic cavity (Ross and 
Kleiner 1982; Summerfelt and Smith 1990; Cooke et al. 2003a; Adams et al. 2012). Water was 




disinfected to prevent the protective mucus layer on each fish from being disrupted (Hart and 
Summerfelt 1975). Surgeries lasted <5 minutes and bass were allowed to recover in a water-
filled tank with supplemental oxygen. Bass were released near their initial capture location once 
normal ventilation and swimming activity resumed.  
Weekly tracking events occurred April – November 2018 and 2019 by boat using an ATS 
telemetry radio receiver (R4000) and a three-element folding Yagi antennae. Bass locations were 
determined when the receiver gain was at the lowest achievable setting and the signal was 
unidirectional. Range testing and visual confirmations indicated bass were within 2 m. If a 
telemetry bass was located in the same location five consecutive weeks, we considered the bass 
to be dead. Locating bass in different locations and periodic visual sightings indicated the bass 
was alive.  
Recreational Anglers 
Recreational anglers reported recaptured bass through the tag reporting phone number 
(515-294-1458) or email (fishtags@iastate.edu) displayed on signs around the lake. While 
conducting field work, personal communication with anglers also provided recapture data. 
Anglers were asked to report tag number, capture date, capture location, and whether the bass 
was released or harvested.  
Analysis 
Before-after-control-impact Model 
A before-after-control-impact (BACI; Stewart-Oaten et al. 1986) analysis using 
tournament catch during May through September, was used to compare number of bass per 
angler tournament hour for pre- (2015-2017) and post- (2018-2019) tournament regulation 




tournaments per month), these months were removed from the BACI analysis because there were 
not enough tournaments for each group in each time period to fit the group*time interaction. 
Each tournament was assigned to one of two groups: tournament events using a three fish >381 
mm limit or tournament events that adopted a five fish bag and length limits <381 mm. Events 
using a three bass >381 mm limit represented tournaments that followed the tournament 
regulations used prior to the legislative change in 2018. After the legislative tournament 
regulation change, most tournament groups adopted new regulations; however, one local club 
that conducted weekly tournaments maintained the previous regulations (three fish >381 mm 
limit). This club served as the control group in the BACI analysis to separate changes in bass 
catch as a result of regulation changes compared to temporal variation. An ordinary least squares 
linear model in Program R (R Core Team 2014) was used to fit fixed effects of group, time, and 
year along with a group*time interaction. We were interested in the group*time interaction 
between pre- and post-regulation change years that would indicate an effect of the regulation 
(Stewart-Oaten and Bence 2001; Smith 2002). Using our linear model estimates, we created a 
contrast for each month to estimate differences between groups and time periods. To account for 
temporal and between group variability, group*time interaction contrasts were estimated as:  
(impact/after-control/before) - (control/after – impact/before). 
Contrast estimates and associated 95% confidence intervals were used to determine if groups 
who adopted new tournament regulations weighed in more bass per angler tournament hour than 
tournaments that used a three bass >381mm limit. Any 95% confidence interval that did not 





To evaluate the effect of length and bag limits to regulate bass capture probability during 
live-release tournaments, daily individual encounter histories from capture-recapture data during 
2018 and 2019 tournament seasons were analyzed using a live capture multistate model in 
Program MARK (White and Burnham 1999) for maximum likelihood estimates of survival (S), 
detection probability (p), and bass capture probability (transition of bass from Brushy Creek 
Lake to a tournament (Ψ); White et al. 2006). Multistate models are an extension of a Cormack-
Jolly-Seber model where mark-recapture data are used to estimate survival within and transition 
between a finite number of states (Lebreton et al. 1992). Assumptions of a multistate model 
include every marked animal within the same group in a given state before sampling period i has 
the same detection probability, survival within that state to i + 1, and probability of moving to 
another state by i + 1. Detection probability, survival, and transition probability do not depend on 
the history of the tagged animal while the transition between states from occasion i to i +1 is 
dependent only on the state at time i. Additionally, marked animals can only be in one state at 
time i, all animals make transitions at the same time, and all state at time i+1 is only dependent 
on state at time i. Notation for detection, transition, and survival probabilities are conditional of 
the fish’s first release where ϕi
rs is the probability a bass alive in state r at time i is still alive after 
transitioning to state s at time i+1 and pi
s is the probability a marked bass alive in state s at time i 
is recaptured at time i. For example, using ϕ to represent the joint probability of a bass surviving 
and making a transition 
P(AAB) = ϕAApA ϕABpB 




Bass could reside in one of three states within our multistate model (Figure 3.1). A bass 
was considered to be in the Brushy Creek Lake state (B) until captured by a tournament angler 
and weighed in during a tournament at which point it transitioned into the tournament state (T). 
To account for tag loss, we also included an unobservable tag loss state (L). Daily capture 
occasions were used to calculate daily estimates and allow bass within the tournament state to 
transition back into the Brushy Creek Lake state before the next day. Bass were released back 
into Brushy Creek Lake immediately following a tournament weigh-in, not allowing them to be 
within the tournament state for more than one occasion per tournament capture. Bass were 
grouped by tag type (jaw tag and telemetry tag), allowing us to model groups using a joint 
likelihood. Telemetry tagged bass were detected within the Brushy Creek Lake state using radio 
telemetry techniques while bass in the jaw tag group were detected during boat electrofishing 
events (pulsed DC 300 V, 12 amps). Bass in both tag groups were detected in the tournament 
state through tournament census. Transitions could occur from Brushy Creek Lake to a 
tournament (Ψ B to T), a tournament to Brushy Creek Lake (Ψ T to B), bass could remain in 
Brushy Creek Lake (Ψ B to B), or bass could lose their jaw tag so they were no longer 
identifiable (Ψ B to L). Bass could only transition from Brushy Creek Lake to a tournament 
when a tournament angler captured and held the bass in confinement until weigh-in then 
transitioned back into Brushy Creek Lake after tournament weigh-in (Figure 3.1). Bass could die 
of tournament related stress, resulting in initial and delayed mortality within the tournament state 
while bass in Brushy Creek Lake died of natural mortality.  
To reduce the number of parameters to estimate, we fixed known transition and survival 
rates. Bass brought to a tournament weigh-in could not stay in angler live-wells; therefore, the 




individual bass back into the lake after a tournament. Additionally, our complete tournament 
census allowed us to observe every bass that was weighed in at a tournament; therefore, 
detection probability in the tournament state was fixed to one. Transition to the tag loss state 
could only occur when bass were in Brushy Creek Lake so all other tag loss transitions were 
fixed to zero while the transition from Brushy Creek Lake to the tag loss state was fixed to our 
estimated daily tag loss rate of 0.00092. We estimated tag loss from the proportion of tag loss 
bass to recaptured bass by the weighted average number of days bass had been tagged (Pine et al. 
2012). The tag loss state was unobservable, so survival and detection probability in this state 
were fixed to zero, as they were not parameters of interest. 
Finally, post-release tournament survival is difficult to estimate and would require an 
additional unobservable state within a multistate analysis. Parameters are very difficult to 
estimate in multistate models with >1 unobservable states. Therefore, we followed the approach 
of Syliva et al. (in revision) and fixed tournament survival to daily estimates previously derived 
from this dataset using a three-day post-release tournament survival Cormack-Jolly-Seber model 
(Chapter 2). A three-day post-release survival period, bass length, and water temperature best 
explained variability in post-release survival of tournament captured bass from Brushy Creek 
Lake during 2018-2019 tournament seasons (Chapter 2). Thus, survival estimates for one, two, 
and three days post tournament release were combined using observed water temperatures and 
mean bass length to obtain a cumulative survival estimate for each tournament (Chapter 2). 
Using an additional post-release survival model to estimate daily survival of tournament captured 
bass simplified and increased accuracy of our multistate model. Additional post-release 




Capture histories were created for all tagged bass where an individual received a letter in 
the capture occasion to represent an encounter within a state or a zero if an individual was not 
encountered during a time period. For example, a bass captured from Brushy Creek Lake (B) and 
weighed in at a tournament (T) during the second occasion would receive a capture history of 
BTB, whereas a bass that remained in Brushy Creek Lake would receive a BBB. Known 
telemetry mortalities were censored by receiving a -1 in the capture history to ignore time 
periods after the last known encounter. Known mortalities within Brushy Creek Lake could bias 
survival in the lake high if censored or bias bass capture probability low if left in the analysis. 
We were most interested in estimating bass capture probability at tournaments; thus, we accepted 
potentially biasing survival in Brushy Creek Lake high by censoring known telemetry 
mortalities. Time varying covariates were used to evaluate factors affecting detection probability, 
survival, and tournament capture of bass in Brushy Creek Lake. Covariates used to describe 
variability in detection probabilities for jaw and radio telemetry tagged bass included tag type 
group (jaw or telemetry), electrofishing effort (h), water temperature (ºC), quadratic effect of 
water temperature (ºC), and air temperature (ºC). Water temperature (ºC) and the quadratic effect 
of water temperature (ºC) have previously been shown to affect bass survival (Syliva and Weber 
2019) were the only covariates included on survival within Brushy Creek Lake. To meet our 
objective of identifying effects of tournament regulations on capture probability, tournament bag 
and length limit covariates were tested against covariates representing angler and environmental 
factors. Covariates representing angler factors on capture probabilities were tournament angler 
effort (number of anglers participating multiplied by tournament duration; h) and total number of 
bass weighed in at tournaments while environmental covariates were wind speed (km/h), 




Supported covariates were chosen based on a hierarchical modeling process where 
Akaike’s Information Criterion with the small sample size correction (AICc) values and AICc 
weights were used to identify the most parsimonious models (Akaike 1973). We first developed 
models to describe variation in detection probability (p) as the first step in the hierarchical 
modeling process then survival in Brushy Creek Lake, and finally bass capture probability by 
tournament anglers. We first fixed survival in Brushy Creek Lake and the transition from Brushy 
Creek Lake to a tournament at an intercept to identify important covariates on detection 
probability in Brushy Creek Lake. With few (n = 7) telemetry bass captured during electrofishing 
events across two years, electrofishing effort was only included on the jaw tag group. Using the 
most supported detection probability structure, water temperature and the quadratic effect of 
water temperature were included on survival in Brushy Creek Lake. Continuing to build upon the 
most supported model structure, covariate combinations were tested on the transition from 
Brushy Creek Lake to a tournament to identify factors influencing capture probability. To avoid 
correlated covariates and to simplify our models, total angler effort was compared against total 
tournament catch then only the most supported covariate was included in our top model. 
Similarly, both water temperature (ºC) and air temperature (ºC) were used, but not within the 
same model. Models containing tournament bag and size regulations were compared to models 
with angler (tournament effort and total tournament catch) and environmental factors (wind 
speed, water and air temperature). 
Length and bag limit simulations 
To evaluate the magnitude of the reduction in number of bass weighed in under new 
length and bag limits, we used 2018 and 2019 tournament weigh-in census data from Brushy 




For each tournament, we estimated the reduction in the number of bass that would have been 
weighed in if the bag limit was decreased to four, three, two, or one bass per tournament angler. 
Similarly, using tournaments with a minimum length limit <381 mm, we estimated the reduction 
in the number of bass that would have been weighed in had the minimum length limit been 
between the smallest (270 mm) and largest (570 mm) observed bass weighed in. The overall 
percent reduction in tournament weigh-in achieved under a reduced bag limit or increased 
minimum length limit was calculated as the number of bass that would have been released under 
a four, three, two, or one bag limit or increased minimum length limits divided by the number of 
observed bass weighed in at each tournament (% reduction = # bass released/# bass observed; 
Isermann et al. 2007).  
Reducing the number of bass weighed in at live-release tournaments reduces the number 
of bass susceptible to tournament mortality. Therefore, the number of tournament mortalities was 
estimated for each simulated reduced bag limit and minimum length limit scenario. The 
cumulative three-day mortality (1-survival) estimate (Chapter 2) was multiplied with the number 
of bass that would have been weighed in under a four, three, two, or one bag limit or increased 
minimum length limits. To determine the percent reduction in mortality using different 
regulations, the estimates were compared to mortality estimates based on actual angler practices 
during 2018 and 2019. 
 
Results 
Between 39 and 42 tournaments were held annually for a total of 205 tournaments 
censused between 2015-2019 (Table 3.1). During 2015-2017, all tournaments (n = 125) followed 




during 2018-2019. The remaining tournaments during 2018-2019 (n = 33) used a combination of 
three and five fish bag limits with minimum length limits ranging from none to >381 mm 
minimum length limit (Table 3.2). Across all tournaments during 2018-2019, 43% of anglers 
weighed in 0 bass, 14% of anglers weighed in 1 bass, 11% of anglers weighed in 2 bass, 21% of 
anglers weighed in 3 bass, 2% of anglers weighed in 4 bass, and 9% of anglers weighed in 5 
bass. Number of bass per angler tournament hour from 2015 to 2019 ranged from 0.03 in August 
2017 to 0.67 bass in May 2018. Groups using a five fish bag limit >356 mm limit in 2018 (0.45 
bass) and 2019 (0.44 bass) had the highest number of bass per angler per tournament hour (Table 
3.2).  
Length of bass at weigh-in also varied with tournament regulations in 2018 and 2019. Of 
the bass weighed in by tournaments with a >305 mm, >330 mm, >356 mm, and no minimum 
length limit (new regulations), 20.1% in 2018 and 16.6% in 2019 were <381mm (Figure 3.2). 
The highest proportion (63.2%) of bass <381 mm weighed in at tournaments under a given 
regulation occurred during the one tournament using a five bass, no minimum length limit 
followed by tournaments using a >305 mm (51.6%), >330 mm (37.3%), and >356 mm (28.7%) 
limit (Figure 3.3). Conversely, the proportion of bass >457 mm in 2018 was higher when 
tournaments used a three bass >381 mm limit (20.5%) compared to a five bass limit with smaller 
(>305 mm, >330 mm, or >356 mm) length limits (16.2%; Figure 3.2). The proportion of bass in 
2019 >457 mm was similar between tournaments with a three bass, 381 mm limit (10.7%) and 
tournament with a combination of smaller length limits (>305 mm, >330 mm, or >356 mm) and 





Number of tournaments during the pre-regulation change years (2015-2017) included 70 
control tournaments and 55 impact tournaments. During the post-regulation change years (2018 
and 2019), there were 47 control tournaments and 33 impact tournaments. Average number of 
bass per angler per tournament hour varied between tournament group types and years, with the 
maximum occurring in May 2018 for groups with a three bass >381 mm regulation (0.55 bass 
per angler per tournament hour; 95% CI: 0.0, 1.1) and in June 2018 for groups adopting new 
regulations (0.44 bass per angler per tournament hour; 95% CI -0.1, 1.0; Figure 3.4B). We found 
no interactive effect of group*time (0.01; SE = 0.03; t = 0.42; P = 0.68) suggesting tournaments 
did not weigh-in more bass per angler tournament hour after increasing tournament bag limit to 
five bass and removing the minimum length limit in 2018 (Figure 3.5B).  Next, we analyzed 
each year separately to test for different responses in catch rates each month during 2018 and 
2019 and found a significant group*time effect in June 2018 (0.17; t = 2.26; P = 0.03) with 
confidence intervals not including zero (95% CI: 0.02, 0.33), suggesting tournament anglers that 
adopted new regulations caught significantly more bass per angler tournament hour in June 2018 
(Figure 3.5A). However, no other differences were detected between groups in 2018 or during 
2019 (P > 0.05).  
Multistate model 
A total of 2,515 bass >330mm at 80 tournaments and 1,356 bass during 131 hours of 
electrofishing were tagged with jaw tags while an additional 93 bass were tagged with radio 
telemetry transmitters (Table 3.3). A total of 1,035 jaw tagged bass were recaptured during 
tournaments, electrofishing events, and caught and reported by recreational anglers (Table 3.3). 




recaptured twice, 30 (2.9) were recaptured three times, seven (0.7%) were recaptured four times, 
one (<0.1%) was recaptured five times, and one (<0.1%) was recaptured six times. Telemetry 
tagged bass were relocated a total 1,307 occasions during radio telemetry tracking events and 23 
(24.7%) were captured at tournaments throughout 2018 and 2019 (Table 3.3).  
Of the nine models evaluated to describe detection probability of jaw and telemetry 
tagged bass in Brushy Creek Lake, the best supported model included tag type, linear effect of 
electrofishing effort, and a quadratic effect of water temperature (wi = 1.00; Table 3.4). The 
remaining models had no support in describing detection probability (ΔAICc >210; Table 3.4). 
Detection probability was higher for telemetry tagged bass (jaw tag β = -6.8964; 95% CI: -
7.0862, -6.7067; Figure 3.6) and varied across water temperatures, with the highest detections 
occurring between 15ºC and 20ºC (water temperature β = 0.1619; 95% CI: 0.0789, 0.2449; water 
temperature2 β = -0.0046; 95% CI: -0.0069, -0.0024; Figure 3.6A). Detection probability of jaw 
tagged bass also increased as electrofishing effort increased (β = 0.3658; 95% CI: 0.3237, 
0.4079) and was highest at a water temperature of 19ºC (Figure 3.7). Detection probability for 
telemetry tagged bass ranged from 0.5338 (95% CI: 0.2800, 0.7712; Figure 3.6A) at 4ºC to 
0.7313 (95% CI: 0.1340, 0.9795) at 17.5ºC (Figure 3.6A). Maximum detection probability for 
jaw tagged bass (0.0327; 95% CI: 0.0012, 0.4897) occurred at the maximum electrofishing effort 
(6.86 h; Figure 3.7) when water temperature was 17.5ºC.  
Survival of bass in Brushy Creek Lake was best described by a linear effect of water 
temperature (ΔAICc = 0.00, wi = 0.71; Table 3.4) where increasing water temperature decreased 
bass survival (β = -0.0657; 95% CI: -0.1063, -0.0251). Survival ranged from 0.9987 (95% CI: 
0.9974, 0.9993) at the minimum observed water temperature of 2.54ºC to 0.9930 (95% CI: 




effect of water temperature (water temperature β = -0.2251; 95% CI: -0.5140, 0.0639; water 
temperature2 β = 0.0049; 95% CI: -0.0037, 0.0135) was also supported in the second survival 
model (ΔAICc = 1.85, wi = 0.29; Table 3.4) where survival decreased from 0.9993 (95% CI: 
0.9889, 0.9999) at the minimum observed water temperature 2.5ºC to 0.9948 (95% CI: 0.0005, 
1.000) at 23.0ºC then increased to 0.9956 (95% CI: <0.0001, 1.0000) at the maximum observed 
water temperature 29.0ºC (Figure 3.8B). However, beta estimates for the linear and quadratic 
effects of water temperature incorporated zero and bass survival was estimated poorly with a 
quadratic effect of water temperature. Therefore, our second survival model was not used for 
further extrapolation. 
Finally, tournament regulations, environmental factors, and tournament angler related 
covariates were used to evaluate bass capture probability while retaining the most supported 
model structure for detection probability and survival. Three models received support based on a 
ΔAICc <2.00 with similar Akaike weights between the second and third models (Table 3.4). The 
most supported model used to describe the probability of a bass being captured by a tournament 
angler included a linear effect of number of bass captured at tournaments, water temperature, and 
a quadratic effect of average wind speed during tournaments (Table 3.4). Bass capture 
probability was positively related with number of bass captured at a tournament (β = 0.0184; 
95% CI: 0.0128, 0.0241) and water temperature (β = 0.0451; 95% CI: 0.0058, 0.0844; Figure 
3.9) whereas bass capture probability increased with wind speed to 12.2 km/h then declined as 
wind speed exceeded 12.2 km/h (wind speed β = 0.1654; 95% CI: 0.0269, 0.3038; wind speed2 β 
= -0.0067; 95% CI: -0.0124, -0.0011; Figure 3.9). With constant mean wind speed (11.3 km/h) 
during tournament days, bass capture probability ranged from 0.0342 (95% CI: 0.0002, 0.8880) 




0.0411) at a minimum of 5.71ºC with a minimum of four bass weighed in (Figure 3.9A). When 
number of bass captured was fixed to the mean (41 bass/tournament), maximum bass capture 
probability was estimated at 0.0057 (95% CI: <0.0001, 0.4838) when wind speed was 12.2 km/h 
and water temperature was 28.79ºC (Figure 3.9B). The effect of bag limits (β = -0.0152; 95% CI: 
-0.2085, 0.1781) and length limits (β = 0.1876; 95% CI: -0.0916, 0.4657) were included in the 
second supported model and an additional quadratic effect of water temperature (water 
temperature β = 0.1074; 95% CI: -0.1976, 0.4124; water temperature2 β = -0.0015; 95% CI: -
0.0089, 0.0058) was included as a covariate used to describe bass capture probability in our third 
supported model (Table 3.4). However, the effect of length limit, bag limit, and the quadratic 
effect of water temperature in our second and third supported models had 95% confidence 
intervals of the estimates that encompassed zero. 
Bag and length limit simulations 
Number of bass weighed in at tournaments in 2018 and 2019 was predicted to decrease 
with reduced bag limits from five to four, three, two, or one bass. In 2018, a 6% reduction in the 
number of bass weighed in was predicted under a four bass limit, 13% reduction under a limit of 
three, 35% under a two, 62% under a one bass limit (Figure 3.10A). Similarly, in 2019, the 
largest predicted percent reduction in the number of bass weighed in occurred under a one bass 
limit (58%) followed by 29% under a two bass limit, 10% under a three bass limit, and 5% under 
a four bass limit (Figure 3.10C).  
Mean percent reduction in the number of bass weighed in under reduced bag limits also 
varied by month (Figure 3.11). May (66%; SE = 25.1) and June (66%: SE = 23.7) 2018 and 
April (59%; SE = 42.7) and September (64%; SE = 32.9) 2019 had the greatest predicted 




Additionally, tournaments using different length and bag limits were predicted to have different 
percent weigh-in reductions. The three tournaments with a five bass >330 mm had the largest 
(80%) reduction in number of bass weighed in and the one tournament following a three bass 
>356 mm was predicted to have the smallest reduction in number of bass weighed in (45%) 
across all simulated bag limit reductions (Figure 3.12). Using all tournaments with a minimum 
length <381mm, number of bass weighed in would have been reduced by 40% during 2018 and 
2019 if a minimum length limit >381 mm was used (Figure 3.13A). 
In 2018, reducing the bag limit from five to four bass resulted in an estimated eleven 
fewer bass dying from total tournament morality (a 5.6% reduction), followed by an estimated 14 
fewer bass with a three bass limit (12.4% reduction), 42 fewer bass with a two bass limit (33.3% 
reduction), and 55 fewer bass with a one bass limit (60.6% reduction; Figure 3.10B). A similar 
trend occurred in 2019 where seven fewer (4.6 % reduction) bass were estimated to die when 
reducing the bag limit from five to four bass followed by eight fewer bass with a three bass limit 
(a 9.8% reduction), 32 fewer bass with a two bass limit (30.0% reduction), and 44 fewer bass 
with a one bass limit (57.9% reduction; Figure 3.10D). Under observed angler practices in July, 
percent tournament mortality was predicted to be 14% in 2018 and 15% in 2019, but mortality 
was predicted to decrease to 7% in 2018 and 6% in 2019 under a simulated one bass bag limit 
(Figure 3.11). Tournaments with a three bass >356 mm limit had the largest predicted percent 
tournament mortality at all simulated bag limits (Figure 3.12). However, the one tournament with 
a five bass, no minimum length limit had the largest reduction in percent mortality from 12% 
with observed angler practices to 3% under a simulated one bass bag limit (Figure 3.12). 
Additionally, percent tournament mortality was >10% when simulated minimum length limits 





Bass bag and length limits observed here did not affect the number of bass weighed in by 
tournament anglers due to low bass catchability. In recreational fisheries, low catchability also 
reduces angler’s ability to fill bag limits, resulting in minimal effects of harvest regulations on a 
population (Dean and Wright 1992; Noble and Jones 1999; Radomski et al. 2001). Instead, our 
results suggest environmental characteristics were more important in describing variation in bass 
capture probability than length and bag limit regulations. However, our results also indicate that 
the number of bass weighed in could be reduced if regulations were more conservative than 
those evaluated in this study (e.g., bag limits <3 bass or minimum length limits >381 mm) and 
could be effective tools to reduce the number of bass exposed to tournament stressors and 
subsequent delayed mortality.  
Catchability can affect the number of fish anglers capture and the effectiveness of bag 
limits for managing exploitation (Noble and Jones 1999; Radomski et al. 2001). While bass 
tournament anglers are often considered to be highly skilled at locating and capturing bass 
(Fisher 1997; Beardmore et al. 2011) and potentially capture large portions of bass populations 
(Wilde 1998; Hysmith et al. 2014), anglers only weighed in an average of 0.26 (+ 0.04 95% CI) 
bass per angler per tournament hour and length and bag limits did not affect the number of bass 
tournament anglers weighed in during this study. Throughout recreational fisheries, bag limits 
are often not filled by anglers due to low fish catchability (Hess 1991; Cook et al. 2001). For 
example, continued fishing effort decreases bass catchability (Wegener et al. 2018) as a result of 
learned hook and lure avoidance (Askey et al. 2006; Hessenauer et al. 2016; Louison et al. 2019), 
reducing the effectiveness of regulations. We observed ~0.2 bass per angler tournament hour 




2016), California (0.33 bass per angler per tournament hour; Krogman 2012), and Georgia (0.29 
bass per angler per tournament hour; Peacock 2016). Low bass catchability during tournament 
events around the country suggest length and bag limits would also have limited success 
managing number of bass weighed in during tournaments in other systems across the country. 
However, while catchability was low overall, periods of higher catchability may occur 
seasonally. In June 2018, tournaments that adopted an increased bag and decreased size limit 
caught more bass than tournaments using a three bass >381mm limit. However, this seasonal 
difference was no longer present in 2019. Therefore, other factors beyond bag and length limits 
appeared to be more important for bass catchability and for regulating the number of bass 
weighed in by tournament anglers. 
Bass catchability can fluctuate throughout a year due to variability in water temperature 
and other environmental conditions (Danzmann et al. 1991; Maceina and Reeves 1996; Sylvia et 
al. 2019). In this study, water temperature and average wind speed were more important in 
describing variability in bass capture probability than tournament minimum length and bag 
limits. Water temperature directly affects bass metabolic rates, increasing feeding (Brown et al. 
2004) and movement rates (Warden and Lorio 1975; Hanson et al. 2007) at warmer 
temperatures. Consequently, increased hunger may have increased bass susceptibility to lures 
(Keiling et al. 2020) that resulted in higher tournament capture probability. Additionally, we 
observed a quadratic effect of wind speed, with bass capture probability highest at wind speeds 
around 12 km/h. Wind speed may not affect bass movement rates (Warden and Lorio 1975) but 
may represent other abiotic characteristics such as a change in water turbidity (Cózar et al. 
2005). Changes in water turbidity from redistributing plankton and sediment suspension from 




and feed. Tournament anglers may be familiar with the redistribution of fish due to wind and 
focus on areas where bass may be feeding due to wind activity. However, high wind speed may 
create unfavorable swimming conditions causing fish to take refuge (Lupandin 2005) or 
unfavorable angling conditions causing anglers to fish in protected areas to maintain boat control 
or reduce the ability to fish effectively. Therefore, using environmental conditions such as water 
temperature and wind speed to regulate tournament events may provide more effective methods 
to reduce number of bass exposed to tournament related stress through tournament weigh-ins 
than length and bag limits.  
Beyond environmental conditions, the observed number of bass weighed in at 
tournaments was also positively related to bass capture probability, suggesting other angler and 
tournament characteristics that we were unable to directly quantify were important in describing 
variability in bass capture probability. Anglers use many different strategies and techniques to 
locate and successfully catch bass (Aswani 1998; Bear and Eden 2011; Sylvia et al. 2020) that 
may dictate number of bass weighed in at tournaments rather than length and bag limits. For 
example, anglers may focus on a few specific locations or move around the lake frequently to 
increase overlap with feeding fish (Aswani 1998). Additionally, lure color (Moraga et al. 2015), 
lure size (Wilde et al. 2003), and hook type (Cooke et al. 2003b) can affect the size of bass 
captured and hooking efficiency. Along with variable angling strategies and techniques, angler 
skill may also contribute to variability in bass capture probability (Dunmall et al. 2001; Meka 
2004; Heermann et al. 2013; Brownscombe et al. 2016) rather than minimum length and bag 
limits. We also observed no effect of angler effort on bass capture probability, suggesting 
regulations limiting the number of anglers would not be effective management techniques. Our 




suggesting a small proportion of the bass population in Brushy Creek Lake is captured and 
weighed in at each tournament. Therefore, variation in angling strategy, techniques, skill, and 
bass behavior during different environmental changes appears to dictate the number of bass 
weighed in (Sylvia et al. 2020) rather than tournament length and bag limit regulations. 
While harvest regulations used by tournaments in this study did not affect bass capture 
probability, we did estimate a reduction in number of bass weighed in would occur if bag limits 
were <3 bass or minimum length limits were >381 mm. Minimum length and bag limits are 
generally viewed as effective management tools to manipulate a population’s size structure 
(Noble and Jones 1999; Radomski et al. 2001; Allen et al. 2013) and their potential benefits for 
reducing angler exploitation are often evaluated using simulations (e.g., Isermann et al. 2007; 
Holley et al. 2009; Mosel et al. 2015). In harvest oriented Black Crappie (Pomoxis 
nigromaculatus) and Yellow Perch (Perca flavescens) fisheries, a large reduction in daily bag 
limits are often necessary before population benefits are achieved due to the majority of anglers 
not harvesting their limit (Isermann et al. 2007; Mosel et al. 2015). Reducing minimum length 
limits also provide an opportunity to increase the number of bass weighed in by allowing anglers 
to weigh-in bass they would have immediately released under a larger length limit. We estimated 
a 40% reduction in the number of bass weighed in by the twelve tournaments with a minimum 
length <381 mm when a simulated 381 mm minimum length limit was implemented. However, 
85% of tournaments used a >381 mm minimum length limit; therefore, the estimated reduction 
in number of bass weighed in by tournaments with a limit <381 mm was relatively small. 
Consequently, our results indicate that bag and minimum length limits can reduce the number of 
bass weighed in at tournaments but limiting tournament anglers to one or two bass >381 mm 




While we estimated a large reduction in bag limits (<3 bass/angler) was necessary to 
achieve a reduction in number of bass weighed in, we also observed seasonal patterns with the 
effects of reduced bag limits. Bass catchability was highest during June and bag limits were 
consequently estimated to have the largest percent reduction in the number of bass weighed in 
during this time. Hypothetical bag limits were deemed effective if harvest of Yellow Perch in 
South Dakota and Wisconsin and Black Crappie in Wisconsin were reduced by at least 25% 
(Isermann et al. 2007; Mosel et al. 2015). However, in a tournament dominated catch-and-release 
fishery, regulations need to reduce tournament mortality rather than the number of bass weighed 
in to reduce the effect tournaments have on a population. Therefore, despite a simulated 
reduction in number of bass weighed in, regulations will also need to reduce tournament 
mortality by 25% for there to be a noticeable difference.  
A reduction in tournament mortality is necessary to reduce the effect tournaments have 
on a bass population; therefore, if delayed mortality is not reduced, tournament regulations will 
not limit the effects tournaments have on a population. Delayed tournament mortality is greatest 
during periods of high water temperature (Wilde 1998; Edwards et al. 2004; Sylvia and Weber 
2019; Chapter 2), so length and bag limits need to reduce number of bass weighed in during 
periods of high water temperature to have the greatest effect. However, our study identified a 
mismatch between the period of highest delayed mortality and when the greatest reduction in 
number of bass weighed in was estimated to occur under simulated liberalized length and bag 
limits. Therefore, reducing bag limits may reduce the number of bass weighed in during months 
when catch rates are high but may have little effect on tournament delayed mortality at this time 
due to cooler water temperatures and lower delayed mortality of tournament released fish. For 




and 49% in August 2018, but tournament morality was greater in August (7%) than in June (4%). 
During 2015-2017, bass natural mortality was estimated to be 57% and average tournament 
mortality was 6% at Brushy Creek Lake (Sylvia et al. in review). If mortality is compensatory, 
high natural morality will require large reductions in tournament morality before tournament 
regulations are effective whereas small reductions in tournament mortality will be more effective 
in populations with lower natural morality (Anderson and Burnham 1976; Allen et al. 1998). 
However, if mortality is additive, all reductions in tournament mortality will reduce total 
mortality (Anderson and Burnham 1976; Allen et al. 1998). Bass populations can exemplify 
compensatory responses in juvenile survival (Gwinn and Allen 2010) and a partial compensatory 
response to exploitation (Allen et al. 1998). Thus, in a population with natural mortality greatly 
exceeding tournament mortality, small reductions in tournament mortality may not affect the 
population and may limit the effectiveness of tournament length and bag limits. 
Mark-recapture analyses are valuable methods to evaluate capture probability, survival, 
and associated variables within designated states (Lebreton et al. 1992), but a mark-recapture 
study with a multistate analysis requires a large amount of data to estimate all parameters well. 
Even after evaluating 80 bass tournaments and including fishery independent data, parameters 
can fail to estimate within specific states, especially if recapture rates are low (Kendall 2004). 
Additionally, several model assumptions must be met to estimate parameters reliably. A 
multistate model assumes all marked individuals are correctly identified and recorded, an 
animal’s transition probability does not depend on the history of the tagged animal, and equal 
detection probability of all marked animals. Conducting a total tournament census, we are 
confident all tag numbers were not missed and were accurately recorded, but if vulnerability to 




been biased. Bass captured, confined in a live-well, and weighed in may require a recovery 
period prior to being vulnerable to capture after being released (Cline et al. 2012; Sass et al. 
2018); however, throughout the study period, there were eight instances when two tournaments 
occurred during two consecutive days. Bass begin feeding 16h post capture (Siepker et al. 2006), 
but if increased stress associated with tournament capture increased the recovery period bass 
capture probability would be biased low during the second tournament of the two consecutive 
days. Additionally, multistate models assume transition of all tagged animals occur at the same 
time, but bass captured during a tournament are confined in an angler’s live-well for a variable 
amount of time. Bass held in a live-well for eight hours may have lower survival rates than bass 
captured directly before weigh-in with less confinement stress biasing number of bass available 
to transition out of the tournament state during the next occasion. While our results resemble the 
observed effect of changing tournament regulations and how not all tournament groups, given 
the option, may not adopt new liberalized regulations to the same degree, we were unable to 
equally evaluate the effects of all observed length and bag limits. The two most observed 
tournament regulations (three bass >381 mm and five bass >381 mm) were used throughout the 
tournament seasons, but other regulations were limited by one to four tournaments across the two 
tournament seasons, preventing these regulations to be evaluated during periods of different 
water temperatures and bass catchability. Therefore, manipulative experiments assessing 
variations in bag and length limits across the same number of tournaments may provide a better 
comparison to evaluate bass capture probability between tournament bag and length limits.  
Our results suggest bag limits >three bass with length limits <381 mm are not effective 
management tools to regulate the number of bass weighed in at live release tournaments. 




on the fishery. For some populations, 5% of legal-length bass are weighed in resulting in 
tournament mortality contributing 1-16% of total annual mortality (Driscoll et al. 2007), while in 
other instances up to 43% of bass populations are weighed in annually, resulting in tournament 
mortality contributing the most to total instantaneous fishing mortality rate (Hysmith et al. 2014). 
In Brushy Creek Lake, 27-30% of bass 381-457 mm and 28-37% of bass >457 mm were 
captured at tournaments annually, resulting in 7-8% of medium bass and 7-10% of large bass 
dying from tournament mortality (Sylvia and Weber in prep.). While low bass catchability 
resulted in few anglers weighing-in limits with the current length and bag limit regulations, if 
fishery managers are concerned about tournament mortality, daily bag limits would need to be 
reduced to <2 bass and length limits would need to be increased to >381 mm to reduce the 
number of bass exposed to tournament stress and associated tournament mortality. Identifying 
new ways to reduce the number of bass exposed to tournament induced stress that do not rely on 
bass catchability may provide a more reliable management method. For example, some 
professional level tournaments have transitioned to a release-at-capture format where bass are 
weighed and measured on the angler’s boat then immediately released at the capture location 
(Cooke et al. 2020). A release-at-capture tournament format eliminates stress associated with 
live-well confinement and prolonged handling during weigh-in events; however, regulating 
weight and length measurements on an angler’s boat adds additional complexities with additional 
personnel or protocols required to ensure accurate and fair tournament results (Cooke et al. 
2020). Additionally, limiting the number of tournaments would reduce the number of bass 
weighed in, particularly during periods of high bass catchability, but would limit angling 
opportunities and likely be unpopular with tournament anglers. Understanding how to manage 




current length and bag limits across the country are likely ineffective at reducing number of bass 
being weighed in at live-release tournament and the associated tournament mortality. 
Considering environmental characteristics and identifying other factors controlling number of 
bass weighed in will allow more effective management of popular bass tournament fisheries.  
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Figure 3.1. Conceptual diagram for multistate model that includes Brushy Creek Lake (B), 
Tournament (T), and Tag loss (L) states for jaw and telemetry tagged Largemouth Bass in 
Brushy Creek Lake, Iowa, USA from April 2018 through October 2019. Arrows represent 
transition probabilities between states (Psi; Ψ), p represents detection probability within each 
state, and S represents survival estimates for each state. ΨB-B = 1 - (ΨB-T + ΨB-L). 
1Survival in the tournament state was fixed to a cumulative one-, two-, and three-day post-





Figure 3.2. Largemouth Bass length frequencies captured by tournament groups that used a three 
bass >381 mm limit (top panels) and groups who adopted a combination of new regulations 







Figure 3.3. Number of Largemouth Bass <381 mm and >381 mm captured during tournaments 






Figure 3.4. Average number of Largemouth Bass per angler per tournament hour (+ 95% CI) for 
groups who used a limit of 3 bass >381 mm (A) and groups who adopted new regulations (B) 
during the 2015-2019 open water season on Brushy Creek Lake, Iowa, USA. Former regulation 
clubs represent no tournament regulation change while the new regulation clubs represent all 





Figure 3.5. Before versus after contrast estimate from before-after-control-impact ordinary least 
squares linear fixed effect analysis for May-September of number of Largemouth Bass per angler 
per tournament per hour. Panel A represents BACI analysis during 2018 tournaments while panel 






Figure 3.6. Detection probability (±95% confidence intervals, dashed line) for telemetry tagged 
(A) and jaw tagged (B) Largemouth Bass in relation to water temperature in Brushy Creek Lake, 






Figure 3.7. Detection probability of jaw tagged Largemouth Bass in relation to hours of 
electrofishing at 5.7ºC (solid line), 19.0ºC (dotted line), 23.2ºC (dashed line), and 28.8ºC. Water 
temperatures represent minimum, 30th, 60th, and maximum observed at Brushy Creek Lake, 





Figure 3.8. Survival of Largemouth Bass (±95% confidence intervals, dashed lines) in relation to 







Figure 3.9. Largemouth Bass capture probability (Ψ) by tournament anglers at Brushy Creek 
Lake, Iowa, USA at 5.7ºC (solid line), 19.0ºC (dotted line), 23.2ºC (dashed line), and 28.8ºC in 





Figure 3.10. Frequency of the number of Largemouth Bass weighed in by tournament anglers 
(panels A and C gray bars) and percent tournament mortality under a 1, 2, 3, 4, or 5 bass bag 
limit (panels B and D gray bars). Percent reduction in number of bass weighed in if the bag limit 
was reduced to 4, 3, 2, or 1 bass in 2018 (A and B) and 2019 (C and D). All tournaments within 





Figure 3.11. Mean percent reduction (95% CI) in the number of Largemouth Bass weighed in 
(left column) and associated percent tournament mortality (right column) under reduced bag 
limits of 4, 3, 2, or 1 bass (rows) during April-October of 2018 (black) and 2019 (gray) at Brushy 








Figure 3.12. Percent reduction in Largemouth Bass weighed in at tournaments (left column) and 
associated percent tournament mortality (right column) for tournaments using each observed 
tournament regulation within a reduced bag limit of 4, 3, 2, or 1 bass (rows) at Brushy Creek 
Lake, Iowa, USA. Tournaments from 2018 and 2019 were combined within each regulation type.  
* indicates instances where the simulated reduction in bag limit was more than the tournament 





Figure 3.13. Largemouth Bass length frequency (bars) and associated percent reduction in the 
number of bass weighed in at tournaments at simulated minimum length limits (black line; panel 
A) and predicted percent tournament mortality under simulated length limits (panel B). Only 
tournaments that used a minimum length limit <381mm in 2018 and 2018 at Brushy Creek Lake, 





Table 3.1. Number of tournaments, angler effort, Largemouth Bass captured, and bass capture 
rates at tournaments from 2015 to 2019 at Brushy Creek Lake, Iowa, USA. 
Tournament summary 2015 2016 2017 2018 2019 
Number of tournaments 41 42 42 39 41 
Total tournament angler effort (h) 296,298 282,464 306,940 235,296 270,251 
Number of tournament captured bass 1,531 1,455 1,675 1,734 1,417 
Average number of 











1 Number bass/angler/tournament in 2018 and 2019 is the average from all tournaments 









Table 3.2. Number of angler groups, tournaments, anglers, Largemouth Bass captured, average angler effort per tournament, and 
average number of bass per angler per hour with 95% CI for each type of tournament regulation in 2018 and 2019 at Brushy Creek 















2018       
3 fish >381 mm 3 25 618 930 107.67 + 45.01 0.36 + 0.16 
5 fish >381 mm 7 8 291 434 251.00 + 229.52 0.19 + 0.17 
5 fish >356 mm 1 2 40 163 180.00 + 354.56 0.45 + 0.88 
5 fish >330 mm 2 2 42 123 189.50 + 453.21 0.28 + 0.56 
5 fish >305 mm 1 1 9 11 67.50* 0.16* 
5 fish, no minimum length 1 1 22 73 198.00* 0.37* 
              
2018 Total 15 39 1,022 1,734 - - 
2019       
3 fish >381 mm 2 23 631 780 122.93 + 52.97 0.27 + 0.12 
3 fish >356 mm 1 1 34 63 289.00* 0.22* 
5 fish >381 mm 8 12 303 436 206.71 + 136.12 0.18 + 0.11 
5 fish >356 mm 2 3 53 114 121.33 + 187.86 0.44 + 0.71 
5 fish >330 mm 1 1 6 4 48.00* 0.08* 
5 fish >305 mm 1 1 40 20 280.00* 0.07* 
             




Table 3.3. Number of tagged and recaptured Largemouth Bass in each tag group from 
tournament captures, electrofishing, and recreational angler captures in 2018 and 2019 at Brushy 
Creek Lake, Iowa, USA. 
 Recaptured 
Group Year Method # tagged 2018 2019 
Jaw tag 
2018 
Tournament 1,433 280 173 
Electrofishing 952 234 100 
Recreational angler - 139 81 
2019 
Tournaments 1,082 - 158 
Electrofishing 404 - 90 
Recreational angler - - 55 
Telemetry tag 
2018 
Tournament - 16 6 
Electrofishing 65 5 6 
Recreational angler - 8 2 
Tracking - 772 336 
2019 
Tournament - - 1 
Electrofishing 28 - 1 
Recreational angler - - 0 




Table 3.4. All multistate models used to identify covariates describing detection probability (p), 
survival (S), and capture probability (Ψ) by tournament anglers of jaw and telemetry tagged 
Largemouth Bass during the 2018 and 2019 open water seasons in Brushy Creek Lake, Iowa, 
USA. Covariates evaluated for potential effect on detection probability (p) include differences 
between jaw and telemetry tagged bass (g), hours of electrofishing (efish effort), water 
temperature (T), and quadratic effect of water temperature (T2). Covariates on survival (S) also 
included linear and quadratic effect of water temperature. Additional covariates used to evaluate 
tournament capture probability of bass include linear (W) and quadratic (W2) effect of wind 
speed, number of bass at a tournament weigh-in (# of bass), bag and minimum length (mll) 
limits, and combined number of hours fished by tournament anglers (tour effort). Columns in the 
table include AICc= Akaike’s Information Criterion with a small sample size correction, ∆AICc = 
model AICc – min AICc, Wi = Akaike weight, K = number of parameters, Deviance = (-2 x log-
likelihood of model) - (-2 x log-likelihood of most saturated model with same number of 
parameters and degrees of freedom). 
Model AICc ΔAICc Wi K Deviance 
Detection probability      
p(g + efish effort + T + T2) 883,603.05 0.00 1.00 7 874,043.66 
p(g + T + T2) 883,813.54 210.50 0.00 6 874,256.16 
p(g) 883,826.96 223.48 0.00 4 874,273.15 
p(efish effort + T + T2) 890,415.82 6,812.78 0.00 6 880,858.44 
p(T + T2) 890,418.04 6,815.00 0.00 5 880,862.65 
p(T) 890,447.27 6,844.22 0.00 4 880,893.88 
p(air temp) 890,467.87 6,864.82 0.00 4 880,914.48 
p(efish effort) 890,477.31 6,874.26 0.00 4 880,923.93 
p(.) 890,482.31 6,879.27 0.00 3 880,930.93 
Survival      
S(T) 883,588.97 0 0.71 8 874,027.57 
S(T + T2) 883,590.78 1.81 0.29 9 874,027.37 
Capture Probability      
Ψ(W + W2 + # of bass + T) 883,537.22 0 0.36 12 873,967.79 
Ψ(bag + mll + W + W2 + # of bass + T) 883,539.06 1.85 0.14 14 873,965.63 
Ψ(W + W2 + # of bass + T + T2) 883,539.07 1.85 0.14 13 873,967.63 
Ψ(# of bass + T) 883,539.34 2.13 0.12 10 873,973.93 
Ψ(W + W2 + # of bass) 883,540.51 3.29 0.07 11 873,973.09 
Ψ(bag + mll + W + W2 + # of bass + T + T2) 883,540.92 3.71 0.06 15 873,965.48 
Ψ(# of bass + T + T2) 883,541.22 4.00 0.05 11 873,973.81 
Ψ(mll + # of bass) 883,542.64 5.43 0.02 10 873,977.24 
Ψ(# of bass) 883,543.71 6.49 0.01 9 873,980.31 
Ψ(bag + # of bass) 883,544.08 6.87 0.01 10 873,978.67 
Ψ(bag + mll + W + # of bass + T + T2) 883,544.89 7.68 0.01 14 873,97.45 
Ψ(tour effort + W + W2 + T) 883,560.55 23.33 0.00 12 873,991.12 
Ψ(tour effort + bag + mll + W + W2 + T) 883,564.42 27.21 0.00 14 873,990.99 
Ψ(W + W2 + T + T2) 883,566.31 29.09 0.00 12 873,996.88 
Ψ(W + W2 + T) 883,570.30 33.08 0.00 11 874,002.88 
113 
 
Table 3.4 continued. 
 
Model AICc ΔAICc Wi K Deviance 
Ψ(tour effort) 883,572.95 35.73 0.00 9 874,009.95 
Ψ(T + T2) 883,575.55 38.34 0.00 10 874,010.14 
Ψ(T) 883,578.24 41.02 0.00 9 874,014.83 
Ψ(W + W2) 883,582.03 44.82 0.00 10 874,016.62 
Ψ(air temp) 883,583.95 46.73 0.00 9 874,020.55 
Ψ(W) 883,590.32 53.10 0.00 9 874,026.91 
Ψ(bag) 883,590.47 53.25 0.00 9 874,027.07 





CHAPTER 4.    GENERAL CONCLUSION 
Black bass (Micropterus spp.) management has focused on the effects of catch-and-
release angling and associated mortality since the 1970s (Muoneke and Childress 1994; Long et 
al. 2015). As tournaments grew in popularity, many studies have been conducted to identify 
angler, tournament, and environmental conditions that affect mortality of tournament captured 
black bass (Plumb et al. 1975; Schramm et al. 1987; Hartley and Moring 1995; Kwak and Henry 
1995; Weathers and Newman 1997; Wilde 1998; Neal and Lopez-Clayton 2001; Cooke et al. 
2002; Edwards et al. 2004; Sylvia and Weber 2019). Yet, despite improvements to survival of 
captured black bass, tournament related mortality can be the largest source of fishing mortality in 
some systems (Kerns et al. 2016; Sylvia et al. In revision). Therefore, continued investigation of 
factors affecting tournament mortality, especially in areas like Iowa, USA where tournament 
pressure is focused on few popular black bass populations, is necessary to effectively manage 
live-release tournaments.  
How the number of bass in a live-well affects tournament mortality has received little 
attention despite studies evaluating other live-well conditions such as water quality, confinement 
stress, and wave intensity (Carmichael et al. 1984a, 1984b; Kwak and Henry 1995; Cooke et al. 
2002; Harmon 2009). Number of bass in a live-well would provide a relatively easy metric to 
regulate if found to contribute to tournament mortality. Additionally, length and bag limits are 
well understood by anglers and, despite high voluntary release rates of black bass, they are 
commonly used to regulate black bass harvest (Paukert et al. 2007; Isermann et al. 2013) with 
variable effects on recreational fisheries (Wilde 1997). However, the effectiveness of length and 
bag limits to regulate tournament captures of Largemouth Bass (Micropterus salmoides; 
hereafter referred to as bass) are not well understood. In 2018, the Iowa legislature increased 
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tournament angler bag limits from three to five bass with no minimum length limit and bass 
tournaments occurring at Brushy Creek Lake adopted a wide range of different regulations. This 
variation in regulation use along with three years of prior bass tournament data provided us a 
unique opportunity to evaluate the effects of different tournament length and bag limits and how 
the number of bass in a live-well affected tournament mortality.  
 Identifying factors that affect tournament mortality is necessary to understand where 
management efforts should focus when managing live-release tournaments. Initial mortality has 
been widely used to evaluate environmental, tournament, angler, and confinement related stress 
(Hayes et al. 1995; Edwards et al. 2004; Suski et al. 2005; Colotelo and Cooke 2011). However, 
a more comprehensive understanding of how tournaments affect populations can be gained from 
identifying factors affecting delayed mortality. Results from this study show delayed mortality 
likely occurs for tournament captured bass within three days post-release, with delayed mortality 
being positively related to water temperature (Chapter 2). These results support many previous 
evaluations of delayed mortality (Schramm et al. 1987; Kwak and Henry 1995; Gilliland 1997; 
Weathers and Newman 1997; Edwards et al. 2004) including a three-year mark-recapture study 
on the same population from 2015-2017 (Sylvia and Weber 2019). Negative physiological 
responses in bass from being hooked (Gustaveson et al. 1991) and ability to recover from 
exercise is increasingly difficult as water temperature increases (Suski et al. 2006), resulting in 
decreased survival at high water temperatures (Keretz et al. 2018). Therefore, as suggested in 
previous studies, prohibiting live-release tournaments during periods of high water temperature 
may provide a viable management option (Hysmith et al. 2014; Sullivan et al. 2015) while using 
the maximum optimal temperature for Largemouth Bass (29ºC) as a threshold (Keretz et al. 
2018). Water temperature also had a greater effect on tournament mortality than number of bass 
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in a live-well despite observing a number of bass per live-well that exceeded other delayed 
mortality studies (up to 15 bass; Chapter 2). While number of bass in a live-well negatively 
affected post-release tournament survival, number in a live-well only decreased tournament 
mortality by 10% if all live-wells during a tournament season held one bass compared to 15 bass 
(Chapter 2). Additionally, <1% of live-wells contained ten or more bass while only 27% of 
tournament anglers weighed in their limit due to low bass catchability. Thus, under most 
situations where there were <5 bass in a live-well, the difference in survival between one and 
five bass per live-well (2.2%) likely has minimal effects on the population.   
 Minimum length and bag limit regulations are commonly used throughout the United 
States to protect fisheries from overharvest (Isermann and Paukert 2010). Bag limits are readily 
understood by anglers but are often ineffective at regulating harvest due to few anglers 
harvesting their limit in many instances (Munger and Kraai 1997; Noble and Jones 1999; 
Radomski et al. 2001; Isermann et al. 2007). Similarly, high release rates in recreational bass 
fisheries prevent length and bag limits from accomplishing management goals (Isermann et al. 
2013; Sylvia et al. in revision). However, prior to this study, it was unclear if number of bass 
weighed in and associated tournament mortality could be managed through length and bag limits 
and if more conservative regulations would result in less tournament mortality. This study shows 
current tournament length and bag limit regulations in Brushy Creek Lake are not an effective 
method to regulate the number of bass weighed in at tournaments due to too few anglers 
weighing-in their limit throughout the year (Chapter 3). In harvest oriented Black Crappie 
(Pomoxis nigromaculatus; Mosel et al. 2015) and Yellow Perch (Perca flavescens; Isermann et 
al. 2007; Mosel et al. 2015) populations, a 25% reduction in harvest deemed length and bag 
limits successful. We found bag limits would need to be reduced to two bass per angler to 
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achieve a >25% reduction in number of bass weighed in (Chapter 3). However, when managing 
live-release bass tournaments, simply reducing number of bass weighed in is not sufficient if 
tournament mortality is not reduced. By reducing the bag limit to two bass, tournament mortality 
was reduced by 33.3% and if tournaments at Brushy Creek Lake were required to change to a 
“big bass” tournament by limiting anglers to one bass, tournament mortality was reduced by 
60.6% (Chapter 3). For tournaments with length limits <381 mm, increased length limits 
provided similar reductions, with a 40% reduction in number of bass weighed in and associated 
tournament mortality if length limits were increased to >381 mm. Additionally, only 15% of bass 
tournaments at Brushy Creek Lake used a <381 mm length limit, so reductions in tournament 
mortality by implementing a >381 mm length limit based on previously observed tournament 
practices would be minimal. Therefore, while very low bag limits and high length limits could 
reduce tournament mortality, environmental factors appear to be more important determinants of 
the number of bass captured by anglers and regulating other tournament characteristics will 
provide a more effective management method. 
While this study provided a greater understanding of the implications of liberalizing bass 
tournament regulations, there are still some questions to be answered. This study was conducted 
on a bass population with high natural mortality (57%) compared to tournament mortality (6%; 
Sylvia et al. in review). High natural mortality and seemingly good recruitment likely allows a 
population to be resilient to tournament mortality via compensatory mortality; however, if a 
population experiences an additive response, tournament mortality will increase total population 
mortality beyond the already high natural mortality and could adversely affect the population 
(Anderson and Burnham 1976; Allen et al. 1998). However, no studies have evaluated if the bass 
population in Brushy Creek Lake experiences compensatory or additive mortality responses to 
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tournament mortality or if other popular bass populations in Iowa have a similar response to 
tournament mortality. Additionally, understanding the breath of natural, harvest, tournament, and 
total mortality of bass populations across Iowa would provide clarification on how live-release 
bass tournaments are affecting the population at Brushy Creek Lake and provide insight to how 
applicable results presented here are to other bass populations across the state. Similar to natural 
mortality rates, bass catchability may also vary across systems in Iowa, affecting a populations’ 
response to the liberalized regulation change. Brushy Creek Lake is a unique and relatively 
young reservoir (filled in 1998) with a large amount of coarse woody habitat (mean 2.0 SE = 
0.004 trees/100m2; Weber and Weber 2020) throughout the lake providing abundant cover and 
making it difficult for anglers to locate bass (Sylvia et al. 2020). Mean number of bass per angler 
per tournament hour at Brushy Creek Lake for tournament anglers was 0.33 bass (+ 0.11 95% 
CI) in 2018 and 0.23 bass (+ 0.08 95% CI) in 2019 where 30% of anglers using a three bass limit 
and 24% of anglers using a five bass limit weighed in their limit (Chapter 3). However, bass in 
other systems with limited habitat may be more easily located by anglers, potentially increasing 
their catchability. High bass catchability could allow a greater proportion of tournament anglers 
to catch their limit, exposing a greater proportion of the population to confinement and handling 
stress during a live-release tournament (Wilde et al. 1998). Therefore, additional research is 
needed to encompass different natural mortality rates and bass catchability from systems 
throughout Iowa to provide a comprehensive evaluation of the 2018 tournament regulation 
change.   
This study benefited from public and club tournaments that self-imposed regulations to 
further restrict the number and size of bass allowed to be weighed in. However, this approach 
also limited our ability to evaluate all observed tournament regulations equally and across a wide 
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range of environmental conditions. The two most common regulations were a three bass >381 
mm limit and a five bass >381 mm limit, but all other regulations were observed during one to 
four tournaments across the 2018 and 2019 tournament seasons, resulting in different regulations 
being evaluated during different water temperatures. Similarly, using public and club 
tournaments prevented us from controlling or assessing how long bass were confined in live-
wells and differences in live-well size. Bass caught at the beginning of a tournament could be 
confined in a live-well for up to eight hours and subjected to greater confinement stress than bass 
caught directly before weigh-in. If water quality within a live-well is poor, bass held for eight 
hours may experience reduced survival compared to a bass confined for one hour (Carmichael et 
al. 1984b; Kwak and Henry 1995). Variations in live-well size has also been suggested to affect 
survival of confined bass (Kwak and Henry 1995). Therefore, using live-well densities may 
provide a more accurate covariate for how the number of bass in a live-well affected tournament 
mortality. Additionally, differences in handling time (Cooke et al. 2002; Suski et al. 2004), live-
well additives (Cooke et al. 2002; Gilliland 2002; Schramm et al. 2006; Suski et al. 2006; 
Harnish et al. 2011), and dissolved oxygen levels (Hartley and Moring 1993; Keretz et al. 2018) 
due to differences in frequency of replenishing live-well water and aeration techniques exposed 
bass captured by different anglers to different stressors. Simply using the number of bass in a 
live-well at tournament weigh-in did not capture all possible differences between live-wells. 
While our evaluations provided results based on actual angler responses to the tournament 
regulation change during 2018 and 2019, using controlled experiments may provide additional 
clarity on the effects of length and bag limit regulations on regulating tournament mortality. 
Additionally, number of initial mortalities (Chapter 2) and number of bass weighed in (Chapter 
3) were used as covariates to account for factors affecting post-release survival and bass capture 
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probability that we were unable to quantify. Therefore, additional factors exist that determine 
tournament mortality and bass capture probability. Identifying these factors may improve 
management techniques for live-release bass tournaments if tournament mortality becomes an 
issue. 
My thesis provides insight to changes in tournament mortality under different number of 
bass in a live-well and length and bag limit scenarios. Despite the negative effects of increasing 
number of bass in a live-well and a reduction in tournament captures under a reduced bag limit, 
the change in tournament mortality may not be large enough to be biologically significant due to 
already low tournament mortality. If managers desire to reduce current tournament mortality 
rates despite the low tournament mortality, a few options would be to reduce the number of 
tournaments or anglers per tournament to reduce the number of bass weighed in. However, with 
tournament anglers already weighing-in an average of 1.6 bass per angler (+0.39 95% CI), the 
number of anglers would need to be reduced by 25% to reduce number of bass weighed in and 
the associated tournament mortality by 25%. Drastically limiting the number of tournament 
anglers allowed to participate in live-release tournaments would likely be a very unpopular 
management method among tournament anglers. Therefore, using a different tournament format 
that reduces or eliminates bass confinement may provide a management method that does not 
limit number of anglers or angling opportunities. Release-at-capture tournaments are becoming 
popular with professional (e.g., Major League Fishing; Bassmaster 2020; Cooke et al. 2020) and 
recreational (e.g., kayak tournament circuits; Kayak Bass Fishing 2020) anglers where anglers 
weigh and measure bass on their boat then release the bass at the capture location (Cooke et al. 
2020). This type of tournament would avoid mortality associated with live-well confinement and 
weigh-in while not relying on bass catchability to regulate tournaments. Alternatively, a hybrid 
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tournament season where tournaments are conducted with weigh-ins during periods of cool water 
temperatures when tournament mortality is low but transitions to a release-at-capture format 
during the hot summer months when tournament mortality increases. While it is unclear how 
willing tournament groups and anglers would be to fish in release-at-capture tournaments, the 
2020 COVID-19 pandemic provided some insight to how tournament anglers might transition 
into a period where tournament weigh-ins were not allowed. At Brushy Creek Lake, many 
tournament groups adjusted how their tournaments were conducted in the spring of 2020 to avoid 
tournament weigh-ins by adopting some release-at-capture format during the mandated period 
when weigh-ins were prohibited. Additionally, increasing angler education opportunities may 
help inform anglers of potential tournament mortality consequences of different tournament 
regulations. Including information in the tournament registration process on factors affecting 
tournament mortality, suggestions, and guidelines would be a simple way to distribute the 
information and may lead anglers to make their own decisions towards tournament regulations 
that reduce tournament mortality. A final option for managing tournaments at Brushy Creek 
Lake would be to maintain current management methods and not implement additional or alter 
current regulations. In primarily catch-and-release fisheries where there is low natural and 
fishing mortality, some tournament mortality may be beneficial to the population by releasing the 
population from density dependent growth and improving bass size structure (Hansen et al. 2015; 
Miranda et al. 2017). Using the findings from this study, future research can focus on identifying 
if other systems show similar responses to tournament length and bag limits as what we found in 
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